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c h a r t  b y  L e w i s  a n d  C l a r k  i n  1 8 0 6 ,  a n d  
o n  t o p o g r a p h i c  m a p s  b y  t h e  U .  S .  
C o a s t  a n d  G e o d e t i c  Sur~~y ( 1 9 0 4 ,  
1 9 2 1 ,  1 9 3 7 )  a n d  t h e  U .  S .  G e o l o g i c a l  
S u r v e y  { 1 9 5 4 )  • • •  " ' t •  •  •  •  •  •  •  2 7  
1 4  S e p a r a t i o n  o f  f i r s t - a n d  s e c o n d - y e a r  S o r e x  
v a g r a n s  o n  t h e  b a s i s  o f  t o o t h  w e a r .  
B e c a u s e  t h e i r  t e e t h  a r e  m o r e  w o r n ,  t h e  
s e c o n d - y e a r  a n i m a l s  a r e  c l u m p e d  a t  t h e  
l o w e r  l e f t  i n  e a c h  c a s e .  F i r s t -
y e a r  a n i m a l s  a r e  c l u m p e d  a t  t h e  
u p p e r  r i g h t  •  •  •  •  •  •  •  •  •  •  
•  •  
1 5  E x t e r n a l  d i m e n s i o n s  o f  f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  
a d j a c e n t  m a i n l a n d  s h o r e s .  S h o r t  
x i  
2 9  
h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  m e a n s ,  
v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  
v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  
c o n f i d e n c e  i n t e r v a l s  f o r  t h e  m e a n s  •  •  3 3  
1 6  L o n g i t u d i n a l  c r a n i a l  d i m e n s i o n s  o f  f i r s t -
y e a r  s h r e w s  f r o m  i s l a n d s  i n  t h e  
C o l u m b i a  R i v e r  a n d  a d j a c e n t  m a i n l a n d  
s h o r e s .  S h o r t  h o r i z o n t a l  l i n e s  i n d i c a t e  
t h e  m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  
r a n g e s ,  a n d  v e r t i c a l  o p e n  b a r s  t h e  9 9  
p e r c e n t  c o n f i d e n c e  i n t e r v a l s  f o r  
t h e  m e a n s  •  •  •  •  •  •  •  
•  •  •  •  •  
1 7  C r a n i a l  b r e a d t h  a n d  d e p t h  i n  f i r s t - y e a r  
s h r e w s  f r o m  i s l a n d s  i n  t h e  C o l u m b i a  
R i v e r  a n d  a d j a c e n t  m a i n l a n d  s h o r e s .  
S h o r t  h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  
m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  
3 4  
a n d  v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  
c o n f i d e n c e  i n t e r v a l s  f o r  t h e  m e a n s  •  •  3 5  
x i i  
1 8  D e n t a l  d i m e n s i o n s  o f  f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  
a n d  a d j a c e n t  m a i n l a n d  s h o r e s .  S h o r t  
h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  m e a n s ,  
v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  
v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  
c o n f i d e n c e  i n t e r v a l s  f o r  t h e  m e a n s  •  •  3 6  
1 9  P e l a g e  r e f l e c t a n c e  i n  f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l w n b i a  R i v e r  
a n d  a d j a c e n t  m a i n l a n d  s h o r e s .  S h o r t  
h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  m e a n s ,  
v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  
v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  
c o n f i d e n c e  i n t e r v a l s  f o r  t h e  m e a n s  .  .  
2 0  B o d y  w e i g h t ,  c r a n i a l  w e i g h t ,  a n d  m a x i l l a r y  
t o o t h  r o w  l e n g t h  i n  f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  
a d j a c e n t  m a i n l a n d  s h o r e s .  S h o r t  
h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  m e a n s ,  
v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  
v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  
c o n f i d e n c e  i n t e r v a l  f o r  t h e  m e a n s  
•  •  
2 1  A v e r a g e  t a x o n o m i c  d i s t a n c e s  b e t w e e n  f i r s t -
y e a r  s h r e w s  f r o m  i s l a n d s  i n  t h e  
C o l u m b i a  R i v e r  a n d  a d j a c e n t  m a i n l a n d  
s h o r e s .  C a l c u l a t i o n s  a r e  b a s e d  o n  
s t a n d a r d i z e d  c h a r a c t e r  m e a n s  •  •  •  
•  •  
3 7  
3 8  
3 9  
I N T R O D U C T I O N  
A  d r a s t i c  r e d u c t i o n  i n  g e n e  f l o w  b e t w e e n  p o p u l a t i o n s  
i s  u s u a l l y  i n d i c a t e d  b y  m o r p h o l o g i c a l  d i s c o n t i n u i t y  ( M a y r ,  
1 9 6 6 ) .  T o  d e t e r m i n e  t h e  r o l e  o f  t h e  C o l u m b i a  R i v e r  a s  a  
b a r r i e r  t o  g e n e  f l o w  i n  t h e  v a g r a n t  s h r e w ,  S o r e x  v a g r a n s  
v a g r a n s  B a i r d ,  I  i n v e s t i g a t e d  m o r p h o l o g i c a l  v a r i a t i o n  i n  
s h r e w s  f r o m  p o p u l a t i o n s  o n  s e v e r a l  i s l a n d s  a n d  t h e  a d j a c e n t  
m a i n l a n d  s h o r e s .  
I  s e l e c t e d  S o r e x  v a g r a n s  f o r  s t u d y  b e c a u s e  K i r k  ( 1 9 7 6 )  
h a d  f o u n d  i t  o n  a l l  r i v e r  i s l a n d s  s h e  s t u d i e d .  T h e r e  a r e  
4 2  i s l a n d s  o r  i s l a n d  g r o u p s  ( a  s i n g l e  i s l a n d  a t  m e a n  l o w e r  
l o w  w a t e r ,  b u t  d i v i d e d  i n t o  m o r e  t h a n  o n e  a t  h i g h  w a t e r )  i n  
t h e  C o l u m b i a  R i v e r  b e t w e e n  i t s  m o u t h  a n d  B o n n e v i l l e  D a m  
w h i c h  r e m a i n  e x p o s e d  a t  m e a n  h i g h  w a t e r  a n d  w h i c h  a r e  s t i l l  
s e p a r a t e d  b y  w a t e r  f r o m  o n e  a n o t h e r  a n d  f r o m  t h e  m a i n l a n d  a t  
m e a n  l o w e r  l o w  w a t e r  ( b a s e d  o n  U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  
1 9 7 4 ,  1 9 7 5 a ,  1 9 7 5 b ,  1 9 7 5 c ) .  I  s e l e c t e d  t w o  o f  t h e s e  i s l a n d s  
p l u s  t w o  i s l a n d s  o f  a n  i s l a n d  g r o u p  f o r  s t u d y .  A l l  a r e  
l o c a t e d  n e a r  o n e  a n o t h e r ,  b u t  a r e  s e p a r a t e d  f r o m  e a c h  o t h e r  "  
a n d  f r o m  t h e  m a i n l a n d  s h o r e s  b y  r e a c h e s  w i t h  d i f f e r e n t  
w i d t h s ,  d e p t h s ,  a n d  w i n d  e x p o s u r e s .  T h e y  a r e  d e s c r i b e d  
l a t e r .  
F o x  ( 1 9 4 8 )  s t u d i e d  m o r p h o l o g i c a l  v a r i a t i o n  i n  t h e  
d e e r  m o u s e ,  P e r o m y s c u s  m a n i c u l a t u s ,  a l o n g  t h e  C o l u m b i a  
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R i v e r  f r o m  t h e  v i c i n i t y  o f  t h e _  W a l l o w a  M o u n t a i n s  t o  t h e  
P a c i f i c  O c e a n .  H e  c o n c l u d e d  t h a t  t h e  C o l u m b i a  R i v e r  i s  a  
c o m p l e t e  b a r r i e r  a t  i t s  w e s t e r n  e n d ,  b u t  t h a t  f r o m  C o w l i t z  
C o u n t y ,  W a s h i n g t o n ,  e a s . t w a r d  i t  s e e m s  t o  p e r m i t  a  s m a l l  
a m o u n t  o f  m i g r a t i o n  a c r o s s  i t .  F o x ' s  o n l y  i s l a n d  s a m p l e  
w a s  f i v e  m i c e  f r o m  P u g e t  I s l a n d .  I  f o u n d  n o  o t h e r  s t u d y  
e l u c i d a t i n g  t h e  r o l e  o f  t h e  C o l u m b i a  R i v e r  a s  a  b a r r i e r  t o  
g e n e  f l o w  i n  s m a l l  m a m m a l s .  G o r d o n  ( 1 9 6 6 )  o b s e r v e d  t h a t  t h e  
C o l u m b i a  R i v e r  i s  n o t  a s  m u c h  o f  a  b a r r i e r  f o r  m a m m a l i a n  
s p e c i e s  o r  s u b s p e c i e s  a s  m i g h t  b e  e x p e c t e d ,  b u t  s p e c u l a t e d  
t h a t  c a r e f u l  s t u d y  m i g h t  r e v e a l  m o r e  s u b s p e c i f i c  
d i f f e r e n t i a t i o n  t h a n  w a s  p r e v i o u s l y  r e c o g n i z e d .  H e  a l s o  
s t a t e d  t h a t  t h e r e  i s  n o  b e t t e r  o p p o r t u n i t y  i n  N o r t h  A m e r i c a  
f o r  t h e  s t u d y  o f  t h e  b a r r i e r  i n f l u e n c e  o f  a  r i v e r  t h a n  t h a t  
p r o v i d e d  b y  t h e  S n a k e - C o l u m b i a  s y s t e m .  
G r i n n e l l  a n d  H i l l  ( 1 9 3 6 )  f o u n d  t h a t  t h e  C o l o r a d o  
R i v e r  s e r v e s  a s  a  b a r r i e r  b e t w e e n  s u b s p e c i e s  o f  p o c k e t  
g o p h e r s ,  a l t h o u g h  G o l d m a n  ( 1 9 3 1 )  h a d  e a r l i e r  c o n c l u d e d  t h a t  
s i m i l a r i t i e s  b e t w e e n  g o p h e r s  o n  b o t h  s i d e s  o f  t h e  l o w e r  
C o l o r a d o  R i v e r  w e r e  d u e  t o  c h a n n e l  sh~.fts ·w h i c h  t r a n s f e r r e d  
l a r g e  a r e a s  f r o m  o n e  s i d e  t o  t h e  o t h e r .  G o l d m a n  ( 1 9 3 7 )  
s t a t e d  t h a t  t h e  C o l o r a d o  R i v e r  h a s  b.~en a n  e f f e c t i v e  
b a r r i e r  t o  " n u m e r o u s "  n o n - a q u a t i c  a n d  n o n - v o l a n t  s p e c i e s  
a n d  s u b s p e c i e s  o f  m a m m a l s .  K e l s o n  ( 1 9 5 1 )  c o n c l u d e d  t h a t  t h e  
e f f e c t i v e n e s s  o f  t h e  C o l o r a d o  R i v e r  a n d  t h e  G r e e n  R i v e r  a s  
b a r r i e r s  t o  r o d e n t s  b e c o m e s  p r o g r e s s i v e l y  l e s s  u p s t r e a m .  
3  
S h r e w s  h a v e  b e e n  report~d f r o m  m a r i n e  i s l a n d s  ( H a l l ,  
1 9 3 8 ;  C o w a n ,  1 9 4 1 ;  M a n v i l l e ,  1 9 4 2 ,  1 9 6 4 ;  C a m e r o n ,  1 9 5 8 ) ,  
l a k e  i s l a n d s  ( D i c e ,  1 9 2 5 ;  M a n v i l l e ,  1 9 5 0 ) ,  a n d  r i v e r  i s l a n d s  
( P r u i t t ,  1 9 5 1 ;  K i r k ,  1 9 7 6 ) .  E a r l y  s t u d i e s  o f  s p e c i a t i o n  i n  
s h r e w s  f r o m  i s l a n d s  o f f  t h e  w e s t  c o a s t  o f  N o r t h  A m e r i c a  
h a v e  b e e n  s u m m a r i z e d  b y  F i n d l e y  ( 1 9 5 5 )  a n d  H a l l  a n d  K e l s o n  
( 1 9 5 9 ) .  T h e  l a t t e r  r e c o g n i z e  a t  l e a s t  f i v e  s u b s p e c i e s  
u n i q u e  t o  i s l a n d s  o f f  t h e  c o a s t s  o f  B r i t i s h  C o l u m b i a  a n d  
A l a s k a .  
I n  s u m m a r y ,  t h e  w o r k  o f  o t h e r s  s u g g e s t s :  
1 )  s h r e w s  a r e  e s t a b l i s h e d  o n  i s l a n d s  i n  o c e a n s ,  s a l t  
w a t e r  b a y s ,  f r e s h w a t e r  l a k e s ,  a n d  r i v e r s ,  a n d  p r o b a b l y  
o c c u r  o n  m o s t  i s l a n d s  i n  t h e  l o w e r  C o l u m b i a  R i v e r ;  
2 )  o t h e r  r i v e r s  h a v e  b e e n  o b s e r v e d  t o  r e s t r i c t  g e n e  
f l o w  i n  v a r i o u s  s m a l l  m a m m a l s ,  a n d  t h e  C o l u m b i a  R i v e r  h a s  
b e e n  f o u n d  t o  r e s t r i c t  g e n e  f l o w  i n  P e r o m y s c u s  m a n i c u l a t u s ,  
s o  t h e  C o l u m b i a  R i v e r  m a y  r e s t r i c t  g e n e  f l o w  i n  S o r e x  
v a g r a n s ;  
3 )  i s l a n d  p o p u l a t i o n s  o f  s h r e w s  h a v e  d i f f e r e n t i a t e d  
o f f  t h e  c o a s t s  o f  B r i t i s h  C o l u m b i a  a n d ;  A l a s k a ,  a n d ,  i f  t h e  
C o l u m b i a  R i v e r  d o e s  r e s t r i c t  g e n e  f l o w ,  t h e y  m a y  h a v e  
d i f f e r e n t i a t e d  o n  i s l a n d s  t h e r e  a s  w a l l .  
M E T H O D S  
M c G u i r e  I s l a n d ,  G o v e r n m e n t  I s l a n d ,  U p p e r  S a n d  I s l a n d ,  
a n d  L a d y  I s l a n d  w e r e  c h o s e n  f o r  s t u d y .  M c G u i r e  a n d  
G o v e r n m e n t  I s l a n d s  a r e  p a r t  o f  a  f o u r - i s l a n d  g r o u p .  U p p e r  
S a n d  I s l a n d  i s  u n n a m e d  o n  n a v i g a t i o n  c h a r t s  ( U .  S .  
D e p a r t m e n t  o f  C o m m e r c e ,  1 9 7 5 c ) ,  b u t  i s  c a l l e d  " S a n d  I s l a n d "  
o n  t o p o g r a p h i c  q u a d r a n g l e  m a p s  ( U .  S .  G e o l o g i c a l  S u r v e y ,  
1 9 6 1 ) .  T o  a v o i d  p o s s i b l e  c o n f u s i o n  w i t h  a n  i s l a n d  l o c a t e d  
a b o u t  s i x  k i l o m e t e r s  d o w n s t r e a m  a n d  c a l l e d  S a n d  I s l a n d  o n  
b o t h  n a v i g a t i o n  c h a r t s  a n d  t o p o g r a p h i c  m a p s ,  I  h a v e  c a l l e d  
t h e  i s l a n d  i n  t h i s  s t u d y  U p p e r  S a n d  I s l a n d .  
' l ' h e  i s l a n d s  a r e  l o c a t e d  b e t w e e n  t h e  c i t i e s  o f  C a m a s ,  
C l a r k  C o u n t y ,  W a s h i n g t o n ,  a n d  P o r t l a n d ,  M u l t n o m a h  C o u n t y ,  
O r e g o n ,  i n  t h e  v i c i n i t y  o f  4 5 °  3 4 '  n o r t h  l a t i t u d e  a n d  1 2 2 °  
2 7 '  w e s t  l o n g i t u d e .  D e s c r i p t i v e  i n f o r m a t i o n  f o r  t h e s e  
i s l a n d s  w a s  o b t a i n e d  b y  f i r s t - h a n d  o b s e r v a t i o n ,  b y  
e x a m i n a t i o n  o f  r e c e n t  n a v i g a t i o n  c h a r t s  a n d  t o p o g r a p h i c  
m a p s ,  b y  e x a m i n a t i o n  o f  e a r l y  c h a r t s  a n d  m a p s  i n  t h e  
a r c h i v e s  o f  t h e  O r e g o n  H i s t o r i c a l  S o c i e t y ,  f r o m  v a r i o u s  
h i s t o r i c a l ,  g e o l o g i c a l ,  a n d  c l i m a t o l o g i c a l  l i t e r a t u r e ,  a n d  
f r o m  a e r i a l  p h o t o g r a p h s  b y  t h e  U .  S .  C o r p s  o f  E n g i n e e r s .  
T h i s  i n f o r m a t i o n  i s  d e t a i l e d  a n d  i s  i m p o r t a n t  f o r  e v a l u a t i o n  
o f  t h e  s h r e w  m o r p h o l o g i c a l  d~ta, s o  I  h a v e  i n c l u d e d  i t  i n  
t h e  R e s u l t s  s e c t i o n .  
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U n b a i t e d  p i t f a l l  t r a p s  w e r e  m a d e  b y  e m b e d d i n g  n u m b e r  
1 0  c a n s  ( 1 5 . 5  c m  i n  d i a m e t e r  b y  1 7  c m  d e e p )  u p r i g h t  i n  t h e  
s o i l  s o  t h e i r  o p e n  e n d s  w e r e  f l u s h  w i t h  o r  s l i g h t l y  b e l o w  
t h e  g r o u n d  s u r f a c e .  E a r l y  e x p e r i e n c e  r e v e a l e d  t h e s e  t r a p s  
t o  b e  e f f e c t i v e  f o r  s h r e w s ,  b u t  t h e  w i l l i n g n e s s  o f  s h r e w s  
t o  e a t  o n e  a n o t h e r  ( J a c k s o n ,  1 9 2 8 )  r e s u l t e d  i n  d a m a g e  t o  o r  
d e s t r u c t i o n  o f  a b o u t  4 0  p e r c e n t  o f  t h o s e  t a k e n .  T h i s  
p r o b l e m  w a s  s o l v e d  b y  p u t t i n g  w a t e r  ( 2 - J  c m  d e e p )  i n  t h e  
b o t t o m  o f  e a c h  c a n ;  t h e  s h r e w s  d i e d  b e f o r e  t h e y  c o u l d  
d a m a g e  o n e  a n o t h e r . .  A l l  s h r e w s  f o r  t h i s  s t u d y  w e r e  t a k e n  
i n  t h i s  w a y .  
T r a p s  w e r e  s e t  i n  r o u g h  l i n e s  t o  f a c i l i t a t e  c h e c k i n g  
a n d  r e t r i e v a l .  E a c h  t r a p  w a s  s e t  n e x t  t o  a  l o g ,  s t u m p ,  o r  
o t h e r  p o t e n t i a l  s h r e w  h a r b o r a g e .  T r a p s  w e r e  l e f t  o n e  t o  
t h r e e  n i g h t s  a n d  w e r e  c h e c k e d  e a r l y  e a c h  m o r n i n g .  T r a p  l i n e s  
o f  t e n  t r a p s  e a c h  w e r e  p l a c e d  a t  t h r e e  s i t e s  o n  t h e  O r e g o n  
s h o r e  o p p o s i t e  t h e  u p p e r  e n d  o f  M c G u i r e  I s l a n d ,  a t  f o u r  s i t e s  
o n  M c G u i r e  I s l a n d ,  a t  f o u r  s i t e s  n e a r  t h e  u p p e r  e n d  o f  
G o v e r n m e n t  I s l a n d  o p p o s i t e  M c G u i r e  I s l a n d ,  a t  t w o  s i t e s  o n  
U p p e r  S a n d  I s l a n d ,  n e a r  t h e  l o w e r  e n d  o f  L a d y  I s l a n d ,  a n d  
o n  t h e  W a s h i n g t o n  s h o r e  o p p o s i t e  t h e  l o w e r  e n d  o f  L a d y  
I s l a n d .  T r a p p i n g  o n  t h e  i s l a n d s  a n d  W a s h i n g t o n  s h o r e  w a s  
a c c o m p l i s h e d  b e t w e e n  3  a n d  1 8  O c t o b e r  1 9 7 5 ,  a n d  o n  t h e  
O r e g o n  s h o r e  o n  2 2 - 2 3  O c t o b e r  1 9 7 6 .  A  t o t a l  o f  2 3 0  t r a p  
n i g h t s  y i e l d e d  t h e  1 1 5  s h r e w s  u s e d .  
S h r e w s  w e r e  r e f r i g e r a t e d  o n  i c e  o r  f r o z e n  o n  d r y  i c e  
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i n  t h e  f i e l d  a n d  l a t e r  t r a n s f e r r e d  t o  a  f r e e z e r  f o r  s t o r a g e .  
A l l  w e r e  m a d e  i n t o ·  s t a n d a r d  m a m m a l o g i c a l  s t u d y  s k i n s .  F r e s h  
s k u l l s  w e r e  s u b m e r g e d  i n  b o i l i n g  w a t e r  f o r  a  f e w  m i n u t e s ,  
t h e n  h a n d - c l e a n e d  a n d  d r i e d  w i t h o u t  b l e a c h i n g .  
·  E x t e r n a l  b o d y  d i m e n s i o n s  ( t o t a l  l e n g t h ,  t a i l  l e n g t h ,  
h i n d  f o o t  l e n g t h )  o f  f r e s h l y  t h a w e d  s p e c i m e n s  w e r e  m e a s u r e d  
t o  t h e  n e a r e s t  m i l l i m e t e r  w i t h  a  s t e e l  r u l e r  f o l l o w i n g  t h e  
m e t h o d s  o u t l i n e d  b y  H a l l  ( 1 9 6 2 ) .  A f t e r  t h e  f u r  w a s  d r i e d  
w i t h  c o r n m e a l ,  b o d y  w e i g h t  w a s  m e a s u r e d  t o  t h e  n e a r e s t  . 0 1  
g r a m  o n  a  C e n t - 0 - G r a m  t r i p l e  b e a m  b a l a n c e .  W h e n  s t u d y  s k i n s  
h a d  d r i e d ,  r e f l e c t a n c e s  o f  m i d v e n t r a l  a n d  m i d d o r s a l  f u r  
w e r e  m e a s u r e d  u s i n g  a  c a l i b r a t e d  v a r i a b l e  r e s i s t a n c e  
p h o t o c e l l - o h m m e t e r  c o r e b i n a t i o n ,  i n  c o n j u n c t i o n  w i t h  a  
4 0 - p o w e r  m i c r o s c o p e ,  a n  i n c a n d e s c e n t  l i g h t  s o u r c e ,  a n d .  a  
n e u t r a l  g r a y  c a r d  ( 1 9  p e r c e n t  r e f l e c t a n c e )  a s  a n  e x t e r n a l  
s t a n d a r d .  T h e  l e n g t h  o f  t h e  l o n g e s t  h a i r  a t  t h e  t a i l  t i p  
w a s  d e t e r m i n e d  b y  b e n d i n g  t h e  h a i r s  a t  r i g h t  a n g l e s  t o  t h e  
t a i l  a n d  m e a s u r i n g  f r o m  t h e  c e n t e r  ( a x i s )  o f  t h e  t a i l  t o  t h e  
t i p  o f  t h e  l o n g e s t  h a i r  u s i n g  a  7 - p o w e r  h a n d - h e l d  o p t i c a l  
c o m p a r a t o r  a n d  r e a d i n g  t o  t h e  n e a r e s t  0 . 1  m i l l i m e t e r .  A l l  
c r a n i a l  m e a s u r e m e n t s  w e r e  m a d e  t o  t h e  n e a r e s t  . 0 1  m i l l i m e t e r  
w i t h  v e r n i e r  c a l i p e r s  u s i n g  t h e  m e t h o d s  d e s c r i b e d  b y  
J a c k s o n  ( 1 9 2 8 )  a n d  F i n d l e y  ( 1 9 5 5 ) ,  w i t h  t h e  f o l l o w i n g  
e x c e p t i o n s  a n d  a d d i t i o n s :  
1 )  t h e  o v e r a l l  c r a n i a l  l e n g t h  w a s  m e a s u r e d  f r o m  t h e  
a n t e r i o r - m o s t  p o r t i o n  o f  t h e  f i r s t  u p p e r  i n c i s o r  t o  t h e  
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p o s t e r i o r - m o s t  p r o j e c t i o n  o f  t h e  o c c i p u t ;  
2 )  t h e  c o n d y l o i n f r a o r b i t a l  l e n g t h  w a s  m e a s u r e d  f r o m  
t h e  p o s t e r i o r  m a r g i n  o f  t h e  i n f r a o r b i t a l  f o r a m e n  t o  t h e  
p o s t e r i o r - m o s t  p o r t i o n  o f  t h e  o c c i p i t a l  c o n d y l e  o n  t h e  s a m e  
s i d e ;  
3 )  t h e  o c c l u s a l  a s p e c t  o f  t h e  m a x i l l a r y  t o o t h  r o w  
l e n g t h  w a s  m e a s u r e d  t o  t h e  n e a r e s t  0 . 1  m i l l i m e t e r  u s i n g  a  
7 - p o w e r  h a n d - h e l d  o p t i c a l  c o m p a r a t o r ;  
4 )  t h e  p a l a t a l  l e n g t h  a l s o  w a s  m e a s u r e d  w i t h  t h e  
o p t i c a l  c o m p a r a t o r ;  
5 )  c r a n i a l  w e i g h t  w a s  m e a s u r e d  t o  t h e  n e a r e s t  
m i l l i g r a m  o n  a  d o u b l e - p a n  a n a l y t i c a l  b a l a n c e ;  
6 }  f i r s t  u p p e r  i n c i s o r  l e n g t h  w a s  m e a s u r e d  a l o n g  a  
p e r p e n d i c u l a r  f r o m  t h e  l i n e  t h r o u g h  t h e  t w o  p o s t e r i o r - m o s t  
p r o j e c t i o n s  o f  t h e  c i n g u l u m  t o  t h e  a n t e r i o r - - m o s t  p o i n t  o n  
t h e  t o o t h ;  
7 )  f i r s t  u p p e r  i n c i s o r  h e i g h t  w a s  m e a s u r e d  a l o n g  a  
p a r a l l e l  t o  t h e  l i n e  t h r o u g h  t h e  t w o  posterior~most 
p r o j e c t i o n s  o f  t h e  c i . n g u l w n ,  s t a r t i n g  a t  t h e  s u p e r i o r - m o s t  
p o i n t  o n  t h e  t o o t h  a n d  r u n n i n g  t o  t h e  i n f e r i o r - m o s t  
p r o j e c t i o n  o f  t h e  c u s p ;  
3 )  h e i g h t  o f  t h e  l a b i a l  a s p e c t  o f  t h e  f i r s t  l o w e r  
m o l a r  w a s  m e a s u r e d  f r o m  t h e  i n f e r i o r - m o s t  p o r t i o n  o f  t h e  
c i n g u l l l i u  t o  t h e  s u p e r i o r - m o s t  p o i n t  o f  t h e  l a r g e s t  c u s p ;  
9 )  l e n g t h  o f  t h e  v e n t r a l  a s p e c t  o f  t h e  f i r s t  l o w e r  
i n c i s o r  w a s  m e a s u r e d  f r o m  t h e  p o s t e r i o r - m o s t  p o i n t  o n  t h e  
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c i n g u l u m  t o  t h e  a n t e r i o r - m o s t  p o i n t  o n  t h e  c u s p .  
A l l  d e n t a l  m e a s u r e m e n t s  w e r e  m a d e  w i t h  a  5 0 - p o w e r  m i c r o s c o p e  
a n d  a  c a l i b r a t e d  o c u l a r  m i c r o m e t e r .  A  g r i d  m i c r o m e t e r  w a s  
u s e d  f o r  t h e  u p p e r  i n c i s o r  m e a s u r e m e n t s  a n d  a  l i n e - s c a l e  
m i c r o m e t e r  f o r  t h e  l o w e r  m o l a r  a n d  i n c i s o r  m e a s u r e m e n t s .  
D e n t a l  m e a s u r e m e n t s  w e r e  m a d e  t o  t h e  n e a r e s t  . 0 2  m i l l i m e t e r .  
R E S U L T S  
D E S C R I P T I O N  O F  T H E  S T U D Y  S I T E  
T h e  R i v e r  
I n  t h e  v i c i n i t y  o f  t h e  s t u d y  s i t e  ( F i g u r e  1 ) ,  t h e  
l e v e l  o f  t h e  C o l u m b i a  R i v e r  i s  s u b j e c t  t o  a  d i u r n a l  t i d a l  
f l u c t u a t i o n  o f  l e s s  t h a n  0 . 6  m e t e r  ( b a s e d  o n  U .  S .  
D e p a r t m e n t  o f  Cor~~erce, 1 9 7 5 c ) .  T h i s  t i d a l  i n f l u e n c e  m a y  
b e  o v e r s h a d o w e d  b y  w a t e r  r e l e a s e  s c h e d u l e s  a t  B o n n e v i l l e  
D a m .  T h e  C o l u m b i a  R i v e r  a l s o  u n d e r g o e s  s e a s o n a l  
f l u c t u a t i o n s  i n  l e v e l  a n d  i s  u n u s u a l l y  r e g u l a r  i n  i t s  h i g h -
w a t e r  c y c l e .  A  s i n g l e  h i g h - w a t e r  p e r i o d  o c c u r s  e a c h  y e a r  
i n  s u m m e r  a n d  i s  d u e  p r i m a r i l y  t o  s n o w  m e l t  a t  h i g h  
a l t i t u d e s .  S t o r m  r a i n f a l l  m a y  c o n t r i b u t e  t o  f l o o d i n g  w e s t  
o f  t h e  C a s c a d e  M o u n t a i n s  ( R a n t z  a n d , R i g g s ,  1 9 4 9 ) .  
T h e  C o l u m b i a  R i v e r  h a s  f r o z e n  o v e r  a t  V a n c o u v e r ,  
W a s h i n g t o n ,  a t  l e a s t  t w i c e :  d u r i n g  t h e  w i n t e r  o f  1 8 6 1 - 6 2 ,  
a n d  i n  D e c e m b e r  1 9 1 9  ( P a c i f i c  N o r t h w e s t  R i v e r  B a s i n s  
C o m m i s s i o n ,  1 9 6 9 ) .  I t  p r o b a b l y  f r o z e  o v e r  a t  t h e  s t u d y  s i t e  
a s  w e l l ,  b e c a u s e  t e m p e r a t u r e s  a r e  o f t e n  l o w e r  t o  t h e  e a s t  
( e . g .  i n  1 8 6 1 - 6 2  t h e  l o w  t e m p e r a t u r e  a t  V a n c o u v e r  w a s  - 7 °  F  
a n d  a t  T h e  D a l l e s  w a s  - 3 0 °  F ) .  A l t h o u g h  t h e  C o l u m b i a  R i v e r  
h a s  n o t  f r o z e n  o v e r  r e c e n t l y ,  t h e r e  i s  n o  r e a s o n  t o  b e l i e v e  
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C o l u m b i a  R i v e r  b e l o w  B o n n e v i l l e  D a m  i s  s t i l l  r e g a r d e d  a s  
e s s e n t i a l l y  t . h e  " n a t u r a l "  o n e  ( C o l u m b i a  B a s i n  I n t e r a g e n c y  
C o m m i t t e e ,  1 9 6 6 ) ,  a n d  t h e  p e r i o d  o f  u n i f o r m l y  g o o d  w e a t h e r  
d u r i n g  t h e  l a s t  f e w  d e c a d e s  i s  t h o u g h t  b y  s o m e  
c l i m a t o l o g i s t s  t o  b e  a t  a n  e n d  ( S h a p l e y ,  1 9 7 6 ) .  
T h e  I s l a n d s  
M c G u i r e  I s l a n d  h a s  a n  a r e a  a t  m e a n  h i g h  w a t e r  o f  a b o u t  
2 2  h e c t a r e s  ( b a s e d  o n  U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  1 9 7 5 c ) .  
I t  i s  p a r t  o f  a  f o u r - i s l a n d  g r o u p  w h i c h  a l s o  i n c l u d e s  
G o v e r n m e n t  I s l a n d .  T h e  w a t e r  b e t w e e n  t h e  u p p e r  e n d s  o f  
M c G u i r e  a n d  G o v e r n m e n t  I s l a n d s  i s  s h a l l o w  ( F i g u r e  2 )  a n d  a t  
t h e  l o w e s t  r i v e r  s t a g e s  t h e  t w o  i s l a n d s  a r e  c o n n e c t e d  b y  a  
s a n d  b a r  b r i d g e  ( b a s e d  o n  U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  
1 9 7 5 c ) .  T h e  p i l e  d i k e  i n s t a l l e d  a b o u t  2 5  y e a r s  a g o  
( F i g u r e  2 )  h a s  p r o b a b l y  i n c r e a s e d  t h e  d e p o s i t i o n  o f  s a n d  
t h e r e .  T h e  t w o  i s l a n d s  a r e  s e p a r a t e d  f r o m  t h e  O r e g o n  s h o r e  
b y  a  r e l a t i v e l y  w i d e  b u t  s h a l l o w  c h a n n e l  w h i c h  i s  u s e d  b y  
p l e a s u r e  b o a t s  b u t  n o t  b y  c o m m e r c i a l  r i v e r  t r a f f i c .  T h e  
a r e a  o f  G o v e r n m e n t  I s l a n d  a t  m e a n  h i g h  w a t e r  i s  a b o u t  7 2 9  
h e c t a r e s  ( b a s e d  o n  U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  1 9 7 5 c ) .  
U p p e r  S a n d  I s l a n d  i s  s e p a r a t e d  f r o m  G o v e r n m e n t  I s l a n d  
b y  t h e  ~ain d r e d g e d  n a v i g a t i o n  c h a n n e l ,  f r o m  t h e  W a s h i n g t o n  
s h o r e  b y  a  w i d e r  b u t  s h a l l o w e r  c h a n n e l  u s e d  b y  t u g s  f o r .  
a c c e s s  t o  C a m a s  S l o u g h ,  a n d  f r o m  L a d y  I s l a n d  b y  a  w i d e  
r e a c h  o f  s h a l l o w  w a t e r  w i t h  a  n a r r o w  c h a n n e l  u s e d  b y  s m a l l  
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t u g s  a l o n g  t h e  L a d y  I s l a n d  s h o r e .  T h e  a r e a  o f  U p p e r  S a n d  
I s l a n d  a t  m e a n  h i g h  w a t e r  i s  a b o u t  1 2  h e c t a r e s  ( b a s e d  o n  
U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  1 9 7 5 c ) .  T h e  r e l a t i v e  
p o s i t i o n s  o f  M c G u i r e ,  G o v e r n m e n t ,  a n d  U p p e r  S a n d  I s l a n d s ,  
a n d  t h e  l o c a t i o n s  o f  s a n d  b a r s  a r e  s h o w n  i n  F i g u r e s  1  a n d  J .  
L a d y  I s l a n d  h a s  a n  a r e a  a t  m e a n  h i g h  w a t e r  o f  a b o u t  
1 7 5  h e c t a r e s  ( b a s e d  o n  U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  1 9 7 5 c ) .  
I t  i s  s e p a r a t e d  f r o m  t h e  O r e g o n  s h o r e  b y  t h e  m a i n  
n a v i g a t i o n  c h a n n e l ,  a n d  f r o m  t h e  W a s h i n g t o n  s h o r e  b y  t h e  
n a r r o w  C a m a s  S l o u g h  ( F i g u r e s  4  a n d  5 ) .  A n y  t e m p o r a r y  
c o n n e c t i o n s  w i t h  t h e  W a s h i n g t o n  s h o r e  w o u l d  b e  m o s t  l i k e l y  
n e a r  t h e  u p p e r  e n d  o f  t h e  i s l a n d  w h e r e  t h e  C a m a s  S l o u g h  i s  
p a r t i c u l a r l y  n a r r o w  ( F i g u r e  6 )  a n d  g r a v e l  b a r s  o c c u r  b e l o w  
t h e  m o u t h  o f  th~ W a s h o u g a l  R i v e r  ( F i g u r e  7 ) .  S u c h  
c o n n e c t i o n s  p r o b a b l y  d o  n o t  o c c u r ,  e v e n  a t  l o w  r i v e r  s t a g e s  
( b a s e d  o n  U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  1 9 7 5 c ) .  T w o  
b r i d g e s ,  o n e  o f  w h i c h  c a n  b e  s e e n  i n  F i g u r e  6 ,  c o n n e c t  L a d y  
I s l a n d  t o  t h e  W a s h i n g t o n  s h o r e .  
T h e  w a t e r  s e p a r a t i n g  M c G u i r e  a n d  G o v e r n m e n t  I s l a n d s  
( F i g u r e  8 )  a n d  L a d y  I s l a n d  a n d  t h e  W a s h i n g t o n  s h o r e  
( F i g u r e  5 )  i s  r e l a t i v e l y  s h e l t e r e d  f r o m  w~ve a c t i o n  
r e s u l t i n g  f r o m  s t r o n g  w i n d s ,  w h e r e a s <  t h a t  s e p a r a t i n g  
M c G u i r e  a n d  G o v e r n m e n t  I s l a n d s  f r o m  t h e  O r e g o n  s h o r e ,  U p p e r  
S a n d  I s l a n d  f r o m  G o v e r n m e n t  I s l a n d  a n d  t h e  W a s h i n g t o n  s h o r e  
( F i g u r e s  9  a n d  1 0 ) ,  a n d  L a d y  I s l a n d  f r o m  S a n d  I s l a n d  a n d  








2 2  
m i n i m a l  e f f e c t  a s  w i n d b r e a k s  b e c a u s e  o f  t h e i r  l o w  p r o f i l e s  
( F i g u r e s  1 0  a n d  1 1 ) :  n o n e  e x c e e d s  a b o u t  1 2  m e t e r s  a b o v e  
s e a  l e v e l ,  o r  a b o u t  9  m e t e r s  a b o v e  t h e  m e a n  h i g h  w a t e r  
l e v e l  ( b a s e d  o n  U .  S .  G e o l o g i c a l  S u r v e y ,  1 9 6 1 ) .  
T h e  c u r r e n t  i n  t h e  a r e a  b e t w e e n  M c G u i r e  a n d  
G o v e r n m e n t  I s l a n d s  i s  s l o w  d u e  t o  t h e  s a n d  b a r s  r e s t r i c t i n g  
f l o w  a t  t h e  i s l a n d  h e a d s .  T h e  c u r r e n t  i n  C a m a s  S l o u g h  i s  
s l o w  t o o .  T h e  c u r r e n t  i n  o t h e r  a r e a s  i s  f a s t e r .  
T h e  " n a t u r a l "  v e g e t a t i o n  o n  t h e  i s l a n d s  a n d  r i v e r  
s h o r e s  a p p e a r s  t o  b e  d e c i d u o u s  f o r e s t  d o m i n a t e d  b y  
c o t t o n w o o d  ( P o p u l u s  t r i c h o c a r p a )  ( F i g u r e s  8  a n d  1 2 ) .  T h i s  
i s  t h e  p r e d o m i n a n t  v e g e t a t i o n  o n  M c G u i r e  a n d  U p p e r  S a n d  
I s l a n d s  ( F i g u r e  J )  a n d  p e r s i s t s  i n  p a t c h e s  o n  G o v e r n m e n t  
a n d  L a d y  I s l a n d s  a n d  o n  t h e  O r e g o n  a n d  W a s h i n g t o n  s h o r e s  
( F i g u r e s  3  a n d  4 ) .  M u c h  o f  G o v e r n m e n t  I s l a n d  h a s  b e e n  
c l e a r e d  f o r  l i v e s t o c k  g r a z i n g  a n d  n o w  i s  p a s t u r e  ( F i g u r e  J ) .  
M u c h  o f  L a d y  I s l a n d  h a s  b e e n  c l e a r e d  a n d  n o w  i s  u s e d  f o r  
h o l d i n g  a n d  t r e a t i n g  w a s t e s  f r o m  t h e  p a p e r  p l a n t  a t  C a m a s .  
T h e  O r e g o n  s h o r e  h a s  b e e n  m o d i f i e d  b y  d i k i n g  a n d  r i p - r a p ;  
m u c h  o f  i t  l a c k s  w o o d y  v e g e t a t i o n .  B e h i n d  t h e  d i k e  o n  t h e  
O r e g o n  s h o r e  m u c h  o f  t h e  l a n d  h a s  b e e n  c l e a r e d  f o r  f a r m i n g .  
T h e  r e l a t i v e l y  s t e e p  s l o p e  d o w n  t o  t h e  W a s h i n g t o n  s h o r e  h a s  
p r e c l u d e d  t h e  n e c e s s i t y  f o r  d i k i n g .  M i x e d  c o n i f e r o u s -
d e c i d u o u s  f o r e s t  a p p r o a c h e s  t h e  s h o r e  t h e r e  ( F i g u r e  5 ) ,  a n d  
h a s  b e e n  c l e a r e d  f o r  a g r i c u l t u r e  i n  a  f e w  p l a c e s .  A l l  t h e  
t r a p s  w e r e  s e t  i n  f o r e s t e d  a r e a s ;  t h e  o c c u r r e n c e  o f  c o m m o n  
Figure 11. From the middle of the Columbia River looking westward (downstream) 
toward McGuire Island (left), Government Island (center), and Upper Sand Island 
(right), showing the low profile of the islands and the exposed na ture of the 
river at mid-channel. 
N 
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Figure 12. The interior of Government Island near its upper end, showing the 
forest floor and vegetation. 
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w o o d y  p l a n t s  a t  i n d i v i d u a l  t r a p  s i t e s  i s  s u r n r r : a r i z e d  i n  
T a b l e  I .  
2 5  
T h e  f o r m a t i o n  o f  t h e  i s l a n d s  i s  o b s c u r e .  T h e y  
p r o b a b l y  a r e  a m o n g  t h e  R e c e n t  a l l u v i a l  d e p o s i t s  d e s c r i b e d  b y  
B a l d w i n  ( 1 9 6 6 ) .  T h e i r  f o r m a t i o n  c l e a r l y  m u s t  h a v e  b e e n  
a f t e r  t h e  l a s t  c a t a s t r o p h i c  f l o o d .  T h e  M i s s o u l a  F l o o d  
o c c u r r e d  a b o u t  3 3 , 0 0 0  y e a r s  B . P .  a n d  c r e s t e d  a t  a b o u t  1 2 2  
m e t e r s  a b o v e  s e a  l e v e l  a t  t h e  w e s t  e n d  o f  t h e  C o l u m b i a  
G o r g e ,  b u t  i t  i s  n o t  c l e a r  i f  t h a t  w a s  t h e  m o s t  r e c e n t  
f l o o d  ( B a l d w i n ,  1 9 6 6 ) .  
T h e  f i r s t  w h i t e  e x p l o r e r  o f  t h e  l o w e r  C o l u m b i a  R i v e r  
w a s  L t .  R o b e r t  B r o u g h t o n ,  a  B r i t i s h  o f f i c e r  u n d e r  C a p t .  
G e o r g e  V a n c o u v e r .  H e  e x p l o r e d  f r o m  t h e  m o u t h  u p  t o  
V a n c o u v e r  P o i n t  a b o v e  t h e  p r e s e n t  t o w n  o f  W a s h o u g a l  i n  t h e  
a u t u m n  o f  1 7 9 2  ( L o c k l e y ,  1 9 2 8 ) .  H e  c a m p e d  o n  L a d y  I s l a n d  
·  ( w h i c h  h e  c a l l e d  J o h n s t o n e '  s  I s l a n d )  a n d  h i s  c h a r t  s h o w s  
b o t h  L a d y  a n d  G o v e r n m e n t  I s l a n d s ,  b u t  n e i t h e r  M c G u i r e  n o r  
U p p e r  S a n d  I s l a n d s  ( F i g u r e  1 3 ) .  L e w i s  a n d  C l a r k  c a m p e d  o n  
t h e  u p p e r  p a r t  o f  G o v e r n m e n t  I s l a n d  ( w h i c h  t h e y  c a l l e d  
D i a m o n d  I s l c t n d )  i n  1 8 0 5  a n d  d e s c r i b e d  L a d y  I s l a n d  a n d  .  
a n o t h e r  i s l a n d  b e l o w  D i a m o n d  I s l a n d  ( w h i c h  h a s  s i n c e  f u s e d  
w i t h  D i a m o n d  I s l a n d  t o  f o r m  w h a t  i s  n o w  G o v e r n m e n t  I s l a n d ) ,  
b u t  d i d  n o t  m e n t i o n  U p p e r  S a n d  o r  M c G u i r e  I s l a n d s  ( T h w a i t e s ,  
1 9 5 9 ) .  I t  a p p e a r s  f r o m  m a p s  a n d  c h a r t s  p u b l i s h e d  s i n c e  t h e n  
t h a t  U p p e r  S a n d  I s l a n d  f o r m e d  i n  p l a c e  a n d  n e v e r  h a s  b e e n  
















PERCENT OF INDIVIDUAL TRAP-SITES WHERE COMMON WOODY PLANTS OCCUR 
McGUIRE GOVERNMENT UPPER SAND LADY WASHINGTON 
ISLAND ISLAND ISLAND ISLAND SHORE 
98 68 85 90 Bo 
2 15 15 50 20 
0 35 0 4o 10 
12 12 15 0 20 
10 42 0 30 0 
12 50 55 20 0 












2 7  
1 7 9 2  
1 8 0 6  
1 9 0 4  
1 9 2 1  
1 9 3 7  
1 9 5 4  
1 0 0 0  m e t e r s  
\  S h o r e l i n e  a t  h i g h  w a t e r  
:.:fl.~ E x p o s e d  a t  l o w  w a t e r  
F i g u r e  l J .  R e c o r d e d  c h a n g e s  i n  t h e  s t u d y  s i t e .  B a s e d  
o n  a  c h a r t  b y  B r o u g h t o n  i n  1 7 9 2 ,  a  c h a r t  b y  L e w i s  a n d  
C l a r k  i n  1 8 0 6 ,  a n d  o n  t o p o g r a p h i c  m a p s  b y  t h e  U .  S .  
C o a s t  a n d  G e o d e t i c  S u r v e y  ( 1 9 0 4 ,  1 9 2 1 ,  1 9 3 7 )  a n d  t h e  
U .  S .  G e o l o g i c a l  S u r v e y  ( 1 9 5 4 ) .  
2 8  
T h e  o r i g i n  o f  M c G u i r e  I s l a n d  i s  o b s c u r e ,  b u t  t h e  m o s t  l i k e l y  
e x p l a n a t i o n  s e e m s  t o  b e  t h a t  a  n e w  r i v e r  c h a n n e l  f o r m e d  a n d  
s p l i t  M c G u i r e  o f f  f r o m  G o v e r n m e n t  I s l a n d .  T w o  p i e c e s  o f  
i n d i r e c t  e v i d e n c e  p o i n t  t o  t h i s :  t h e  s h a p e  o f  L e w i s '  a n d  
C l a r k ' s  D i a m o n d  I s l a n d  i s  a p p r o x i m a t e d  b y  c o m b i n i n g  t h e  
u p p e r  p o r t i o n  o f  G o v e r n m e n t  I s l a n d  w i t h  M c G u i r e  I s l a n d  a n d  
t h e  i n t e r v e n i n g  w a t e r ;  a n d  a n  e l d e r l y  l a d y  w h o  o n c e  l i v e d  
o n  M c G u i r e  I s l a n d  t o l d  G o r d o n  R e e c e  t h a t  t h e r e  h a d  b e e n  
f r u i t  o r c h a r d s  o n  t h e  u p p e r  e n d  o f  M c G u i r e  I _s l a n d  o p p o s i t e  
G o v e r n m e n t  I s l a n d ,  b u t  t h a t  t h e y  h a d  b e e n  w a s h e d  a w a y  
( G o r d o n  R e e c e ,  p e r s o n a l  c o m m u n i c a t i o n ) .  
M O R P H O L O G Y  O F  S O R E X  V A G R A N S  
A l l  t h e  s h r e w s  c o l l e c t e d  a p p e a r  t o  b e  S o r e x  v a g r a n s  
v a g r a n s  B a i r d .  T h e  p r o b l e m s  i n v o l v e d  i n  s t u d y i n g  s h r e w  
m o r p h o l o g y  h a v e  b e e n  s u m m a r i z e d  b y  J a c k s o n  ( 1 9 2 8 ) .  O n e  i s  
t h a t  m a n y  c h a r a c t e r s  c h a n g e  d r a m a t i c a l l y  a s  s h r e w s  a g e .  I  
a t t e m p t e d  t o  r e d u c e  v a r i a b i l i t y  d u e  t o  d i f f e r e n t  a g e s  b y  
c o l l e c t i n g  a l l  s h r e w s  a t  t h e  s a m e  t i m e  o f  y e a r .  F i n d l e y  
( 1 9 5 5 )  w a s  a b l e  t o  s e p a r a t e  f i r s t - a n d  s e c o n d - y e a r  s h r e w s  
b y  p l o t t i n g  t w o  d e n t a l  m e a s u r e m e n t s ,  e a c h  s t r o n g l y  a f f e c t e d  
b y  t o o t h  w e a r ,  a g a i n s t  o n e  a n o t h e r .  I  f o l l o w e d  t h i s  
a p p r o a c h  a n d  p l o t t e d  f i r s t  u p p e r  i n c i s o r  h e i g h t  a g a i n s t  
f i r s t  l o w e r  m o l a r  h e i g h t  ( F i g u r e  1 4 ) .  T h i s  a p p r o a c h  
g r a p h i c a l l y  d i s t i n g u i s h e s  f i r s t - a n d  s e c o n d - y e a r  s h r e w s  
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F I R S T  
U P P E R  
I N C I S O R  
( M M )  
F i g u r e  1 4 .  S e p a r a t i o n  o f  f i r s t - a n d  s e c o n d - y e a r  
S o r e x  v a g r a n s  o n  t h e  b a s i s  o f  t o o t h  w e a r .  B e c a u s e  
t h e i r  t e e t h  a r e  m o r e  w o r n ,  t h e  s e c o n d - y e a r  a n i m a l s  
a r e  c l u m p e d  a t  t h e  l o w e r  l e f t  i n  e a c h  c a s e .  F i r s t -
y e a r  a n i m a l s  a r e  c l u m p e d  a t  t h e  u p p e r  r i g h t .  
3 0  
p o p u l a t i o n s  a r e  c o m b i n e d  f o r  a n a l y s i s .  M o r p h o m e t r i c  d a t a  
f o r  f i r s t - a n d  s e c o n d - y e a r  s h r e w s  a p p e a r  i n  t h e  a p p e n d i x .  
J a c k s o n  ( 1 9 2 8 )  a n d  F i n d l e y  ( 1 9 5 5 )  a g r e e d  t h a t  m o r p h o m e t r i c  
c h a r a c t e r s  o f  s h r e w s  d o  n o t  v a r y  w i t h  s e x ,  a n d  f o r  t h i s  
r e a s o n ,  a n d  b e c a u s e  s e x  d e t e r m i n a t i o n  i s  d i f f i c u l t  i n  s h r e w s  
n o t  i n  b r e e d i n g  c o n d i t i o n ,  I  d i d  n o t  a t t e m p t  t o  d e t e c t  
s e x u a l  d i f f e r e n c e s  i n  m o r p h o l o g y .  F i n d l e y  ( 1 9 5 5 )  
r e c o r r u n e n d e d  u s e  o f  f i r s t - y e a r  a n i m a l s  f o r  s t u d y  o f  p e l a g e  
a n d  m e a s u r e m e n t  o f  c r a n i a l  c h a r a c t e r s .  F o r  t h i s  r e a s o n ,  
a n d  b e c a u s e  t h e  f i r s t - y e a r  s h r e w s  a l o n e  s h o w e d  l e s s  
v a r i a b i l i t y  t h a n  t h e  s e c o n d - y e a r  s h r e w s  a l o n e  a n d  t h a n  t h e  
f i r s t - a n d  s e c o n d - y e a r  s h r e w s  c o m b i n e d ,  I  u s e d  o n l y  t h e  
d a t a  f o r  f i r s t - y e a r  s h r e w s  i n  c o m p a r i n g  t h e  p o p u l a t i o n s  
( F i g u r e s  1 5  t h r o u g h  2 0 ) .  T h e  r e s u l t s  o f  t h e  t e s t s  f o r  
s i g n i f i c a n t  d i f f e r e n c e  a p p e a r  i n  T a b l e  I I  ( t - t e s t  p e r f o r m e d  
a s  d e s c r i b e d  b y  B a i l e y ,  1 9 5 9 ,  u s i n g  t a b l e s  i n  H o e l ,  1 9 6 0 ) .  
A v e r a g e  t a x o n o m i c  d i s t a n c e s  w e r e  c a l c u l a t e d  o n  t h e  ba_~is o f  
s t a n d a r d i z e d  c h a r a c t e r  m e a n s  a s  d e s c r i b e d  b y  S n e a t h  a n d  
S o k a l  ( 1 9 7 3 ) ;  t h e  r e s u l t s  a p p e a r  i n  F i g u r e  2 1 .  
D I S C U S S I O N  
O n e  w a y  o f  c h a r a c t e r i z i n g  t h e  o v e r a l l  d i f f e r e n c e  
b e t w e e n  t w o  p o p u l a t i o n s  i s  t o  c o u n t  t h e  n w n b e r  o f  
c h a r a c t e r s  f o r  w h i c h  t h e  p o p u l a t i o n  m e a n s  d i f f e r  
s i g n i f i c a n t l y  ( s e e  T a b l e  I I ) .  T h e  g r e a t e r  t h e  n w n b e r  o f  
s i g n i f i c a n t l y  d i f f e r e n t  c h a r a c t e r  m e a n s ,  t h e  m o r e  d i f f e r e n t  
t h e  t w o  p o p u l a t i o n s  a r e .  T h i s  m e t h o d  c a n  b e  e x t e n d e d  b y  
c a l c u l a t i n g  t h e  m e a n  t - r a t i o  f o r  e a c h  p a i r  o f  p o p u l a t i o n s  
( T a b l e  I I ) .  T h e  g r e a t e r  t h e  m e a n t - r a t i o ,  t h e  m o r e  
d i f f e r e n t  t h e  t w o  p o p u l a t i o n s  a r e .  
A n o t h e r  a p p r o a c h  i s  t o  c a l c u l a t e  t h e  a v e r a g e  
t a x o n o m i c  d i s t a n c e  b e t w e e n  e a c h  p a i r  o f  p o p u l a t i o n s ,  a s  
d e s c r i b e d  b y  S n e a t h  a n d  S o k a l  ( 1 9 7 3 ) .  T h e  ave~age 
t a x o n o m i c  d i s t a n c e s  i n  F i g u r e  2 1  c o r r e l a t e  f a i r l y  w e l l  w i t h  
t h e  m e a n  t - r a t i o s  i n  T a b l e  I I  ( c o r r e l a t i o n  c o e f f i c i e n t  i s  
. 7 8 5 ) .  
C a u t i o u s  e x a m i n a t i o n  o f  t h e  d a t a  i n  T a b l e  I I  a n d  
F i g u r e s  1 5  t h r o u g h  2 1  s u g g e s t s :  
1 )  t h e r e  i s  a  t e n d e n c y  f o r  s h r e w s  o n  M c G u i r e ,  
G o v e r n m e n t ,  a n d  L a d y  I s l a n d s  t o  b e  1; ( - 3 . r g e r  t h a n  t h o s e  i n  t h e  
o t h e r  p o p u l a t i o n s ;  
2 )  t h e  s h r e w s  o n  M c G u i r e  a n d  G o v e r n m e n t  I s l a n d s  a r e  
m o r e  c l o s e l y  r e l a t e d  t o  o n e  a n o t h e r  t h a n  t o  a n y  o f  t h e  
o t h e r  p o p u l a t i o n s ;  
TABLE II 
RATIO OF THE CALCULATED VALUE TO THE TABLE VALUE OF "t" ( p <. 01) 1 
FOR FIRST-YEAR SHREWS 
M/G M/'J M/J, M/,/ M/O G/U G/L G/il G/O U/L U/i 'C/O L/'I/ L/O W/O 
total length .2<;0 1.289 1.486 1. 124 . 831 1.534 1.655 1.366 .963 .109 .056 .019 .047 .051 .016 
tail length .623 .763 .777 .139 • 1•37 1.065 .041 .328 .665 1.303 .730 .115 .11;,1 .837 .490 
hi~ci foot length .776 1.31f5 .249 .11{)9 .515 2.337 .424 .201 . 924 1.682 .950 .647 .4')7 .551 .1?.1 
!Jody 'Weieht .o4o 1. 51.;6 1.171t 1.029 1.819 1.21+7 . 9?2 .820 1.424 .655 .088 .638 .350 1,307 .483 
over1.o.ll cranial length .022 1.707 .656 1.134 .795 1. 1•55 .599 1.017 • 70'1 1.1115 .293 ,326 .68o .423 .087 
condylobasal length .178 1.745 . 162 't.261 .863 1. G93 .316 1.194 1.031 1.696 .309 ,305 1.225 .802 .077 t"laxi~1~~· cra..r:.iai breadtt .063 .1 40 . c54 .644 .4)9 .058 .Oi5 .488 . 281 .084 • 1f73 .208 .573 .354 .~4j 
inte::-orbital brcadt.h .599 .1?9 . 986 .432. 1.196 .337 .30') .064 . 877 .651 .231 .933 . 35? .816 .956 
maxillary breadth , 1+28 "j .121+ 2.C24 't.068 .480 .746 .839 .774 . 202 .007 .056 .247 .054 .289 .259 
condyloinfraortital length .c88 1.251 .617 1.375 . 174 1,039 .5['2 1. 190 . 185 . 6So .080 .049 .822 .os.6 .047 
tuxil:i..ary tooth ro"<I l'i'ngth 0"" 2. 200 .325 1.603 .648 1. 815 .1 E.9 1.335 .5~2 1.925 .242 • ~182 1.408 .471 .516 • ;t/
palatal length .!;Ti 1.620 • 169 , . 256 . 9 !2 2.056 .663 1. '709 .769 1.51'/ .118 ,390 1.200 .452 .262 
cra:iial depth .o_~ .754 .294 1.051 .589 - ~75 .201 . 818 • .509 . 340 .269 .7.58 .571 .407 .827 
cranio.l weight .024 1_.304 .9c8 1.237 .. 6'l0 1.250 .930 1.260 . 6L~2 .72? .055 .1f.7 .839 .256 .194 
first upper incisor i'~cight • ., 19 .216 2.655 .645 . 035 .320 1. 5(,Q . 274 .155 1.735 .i~82 .082 .937 1.397 .317 
first i.;pper incisor le1~bth .020 2.305 .663 .902 . 312 i. i2(l .475 . 1,44 .480 1.865 . 558 .1 45 . 947 .851 .143 
first lower molar height .225 . 3-06 .791 .100 1.281 .025 • ·166 .012 • 715 .117 .010 .656 .143 1.365 .693 
first lower incisor le~gth .202 1.804 1.012 2.793 .21f6 1.~42 .60? .950 .0'{6 .708 .016 .870 .553 .345 .621 
~axi~~m tail tip hair leJl6th .109 . 322 .904 .1 '17 1.175 .178 .6.}) 1"' .971 .351 .226 .959 .605 1.56o .621 • iC,. 
dorsal fur reflectance .721 1.406 .024 4.032 .21~ .lt0 ·1 ,579 .875 .2;.2 1.176 .750 .677 1.691 .16'• 1.147 
ve~tral !ur reflectance .050 .344 1.770 1.656 .233 .26o 1.630 .796 .192 .673 .321• .053 .662 1.100 .599 
mean .248 1.127 .843 1. 143 .644 .988 .637 .763 .596 .9~2 .301 .430 .697 .662 .430 
M = M.cGui::'c Ialn.'ld G = Gov!!rr.'llcmt Island U a Upper Sand Is:an~ 
L = Lady Island W = Washington Snore O • Oregon Shore 
1 The character means of a pair of populat ions differ significantly if the ratio of \.V 
tha calculated value of t to the table vall;.e of t is greater than one. N 
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F i g u r e  1 5 .  E x t e r n a l  d i m e n s i o n s  o f  f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  a d j a c e n t  
m a i n l a n d  s h o r e s .  S h o r t  h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  
m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  v e r t i c a l .  
o p e n  b a r s  t h e  9 9  p e r c e n t  c o n f i d e n c e  i n t e r v a l s  f o r  t h e  
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W  =  W a s h i n g t o n  s h o r e  
F i g u r e  1 6 .  L o n g i t u d i n a l  c r a n i a l  d i m e n s i o n s  o f  f i r s t -
y e a r  s h r e w s  f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  
a d j a c e n t  m a i n l a n d  s h o r e s .  S h o r t  h o r i z o n t a l  l i n e s  
i n d i c a t e  t h e  m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  
a n d  v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  c o n f i d e n c e  
i n t e r v a l s  f o r  t h e  m e a n s .  
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F i g u r e  1 7 .  C r a n i a l  b r e a d t h  a n d  d e p t h  i n  f i r s t - y e a r  
s h r e w s  f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  
a d j a c e n t  m a i n l a n d  s h o r e s .  S h o r t  h o r i z o n t a l  l i n e s  
i n d i c a t e  t h e  m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  
a n d  v e r t i c a l  o p e n  b a r s  t h e  9 9  p e r c e n t  c o n f i d e n c e  
i n t e r v a l s  f o r  t h e  m e a n s .  
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F i g u r e  1 $ .  D e n t a l  d i m e n s i o n s  o f  f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  a d j a c e n t  
m a i n l a n d  s h o r e s .  S h o r t  h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  
m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  v e r t i c a l  
o p e n  b a r s  t h e  9 9  p e r c e n t  c o n f i d e n c e  i n t e r v a l s  f o r  t h e  
m e a n s .  
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F i g u r e  1 9 .  P e l a g e  r e f l e c t a n c e  i~ f i r s t - y e a r  s h r e w s  
f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  a d j a c e n t  
m a i n l a n d  s h o r e s .  S h o r t  h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  
m e a n s ,  v e r t i c a l  s o l i d  b a r s  t h e  r a n g e s ,  a n d  v e r t i c a l  
o p e n  b a r s  t h e  9 9  p e r c e n t  c o n f i d ,e n c e  i n t e r v a l s  f o r  t h e  
m e a n s .  
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0  =  O r e g o n  s h o r e  
M  = . M c G u i r e  I s l a n d  
G  =  G o v e r n m e n t  I s l a n d  
U  =  U p p e r  S a n d  I s l a n d  
1  =  L a d y  I s l a n d  
W  =  W a s h i n g t o n  s h o r e  
F i g u r e  2 Q .  B o d y  w e i g h t ,  c r a n i a l  w e i g h t ,  a n d  m a x i l l a r y  
t o o t h  r o w  l e n g t h  i n  f i r s t - y e a r  s h r e w s  f r o m  i s l a n d s  i n  
t h e  C o l u m b i a  R i v e r  a n d  a d j a c e n t  m a i n l a n d  s h o r e s .  
S h o r t  h o r i z o n t a l  l i n e s  i n d i c a t e  t h e  m e a n s ,  v e r t i c a l  
s o l i d  b a r s  t h e  r a n g e s ,  a n d  v e r t i c a l  o p e n  b a r s  t h e  9 9  
p e r c e n t  c o n f i d e n c e  i n t e r v a l s  f o r  t h e  m e a n s .  
0  
1 . 5 0  M  
1 .  5 9  
•  5 0  
G  
1 . 3 2  
1 . 6 1  
1 . 7 5  
1 . 5 7  
1 .  2 3  
1 4 1 0  
1 . 5 2  
1 . 6 5  
1 . 6 2  
0  =  O r e g o n  s h o r e  
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u  
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1  
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w  
U  =  U p p e r  S a n d  I s l a n d  
1  =  L a d y  I s l a n d  
W  =  W a s h i n g t o n  s h o r e  
F i g u r e  2 1 .  A v e r a g e  t a x o n o m i c  d i s t a n c e s  b e t w e e n  f i r s t -
y e a r  s h r e w s  f r o m  i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  
a d j a c e n t  m a i n l a n d  s h o r e s .  C a l c u l a t i o n s  a r e  b a s e d  o n  
s t a n d a r d i z e d  c h a r a c t e r  m e a n s .  
3 )  t h e  s h r e w s  o n  U p p e r  $ a n d  I s l a n d  s h o w  c l o s e s t  
a f f i n i t y  t o  t h o s e  o n  t h e  W a s h i n g t o n  s h o r e ;  
4 0  
4 )  t h e  a f f i n i t y  o f  s h r e w s  o n  L a d y  I s l a n d  i s  n o t  c l e a r ,  
b u t  t h e y  s e e m  c l o s e s t  t o  t h o s e  o n  G o v e r n m e n t  I s l a n d .  
I n  c o n s i d e r i n g  g e n e  f l o w  a c r o s s  a  p h y s i c a l  b a r r i e r  
l i k e  w a t e r ,  i t  i s  l o g i c a l  t o  a s k  h o w  t h e  g e n e s  f l o w ,  o r ,  
h o w  t h e  s h r e w s  m o v e  b e t w e e n  t h e  l a n d  m a s s e s .  T h e  f a c t  t h a t  
t h e  r i v e r  o c c a s i o n a l l y  f r e e z e s  o v e r  s u g g e s t s  t h e  p o s s i b i l i t y  
o f  c r o s s i n g s  o v e r  t h e  i c e .  S h r e w s  h a v e  b e e n  o b s e r v e d  t o  
c r o s s  t h e  Y u k o n  R i v e r  o n  i c e  b y  t u n n e l i n g  j u s t  u n d e r  t h e  
s n o w  ( N e l s o n ,  1 8 8 7 ;  c i t e d  b y  J a c k s o n ,  1 9 2 8 ) .  H o w e v e r ,  t h e y  
a r e  a l s o  k n o w n  t o  f r e e z e  t o  d e a t h  d u r i n g  u n u s u a l l y  c o l d  
w e a t h e r  ( M u r i e ,  c i t e d  b y  J a c k s o n ,  1 9 2 8 ) .  S i n c e  t h e  
C o l u m b i a  R i v e r  i s  l i k e l y  t o  f r e e z e  i n  t h e  v i c i n i t y  o f  t h e  
i s l a n d s  o n l y  d u r i n g  u n u s u a l l y  c o l d  w e a t h e r  a n d  m a y  n o t  
r e m a i n  f r o z e n  l o n g  e n o u g h  f o r  s n o w  t o  a c c u m u l a t e ,  i c e  
c r o s s i n g s  b y  s h r e w s  d o  n o t  s e e m  l i k e l y  a s  i m p o r t a n t  m e a n s  
o f  a c c e s s  t o  t h e  i s l a n d s .  
S h r e w s  a l s o  h a v e  b e e n  o b s e r v e d  b y  E s k i m o s  o n  s e a  i c e  
( J a c k s o n ,  1 9 2 8 ) .  I  h a v e  s e e n  i c e  c a k E r ' s  o n  t h e  C o l u m b i a  
R i v e r ,  b u t  t h e i r  l o w  f r e e b o a r d  m a k e s  t h e m  u n l i k e l y  v e h i c l e s  
f o r  s h r e w s .  E x p o s u r e  t o  b o t h  i c e  a n 4  c o l d  w a t e r  w o u l d  
m i t i g a t e  a g a i n s t  a  s h r e w ' s  s u r v i v a l .  
D i r e c t  s w i m m i n g  b e t w e e n  l a k e  i s l a n d s  h a s  b e e n  
d o c u m e n t e d  f o r  t h e  w h i t e - f o o t e d  m o u s e ,  P e r o m y s c u s  l e u c o p u s ,  
b y  S h e p p e  ( 1 9 6 5 ) .  J a c k s o n  ( 1 9 2 8 )  s t a t e d  t h a t  s h r e w s  a r e  
4 1  
g o o d  s w i m m e r s  w h e n  " o c c a s i o n  d e m a n d s  i t  o f  t h e m , "  b u t  h e  
c i t e s  n o  d i r e c t  o b s e r v a t i o n s  o f  s w i m m i n g  i n  n o n - a q u a ,t i c  
f o r m s .  O n  t w o  o c c a s i o n s  I  w a s  a b l e  t o  d e t e r m i n e  t h e  
a p p r o x i m a t e  t i m e  a  s h r e w  ( S o r e x  v a g r a n s )  f e l l  i n t o  a  p i t f a l l  
w i t h  w a t e r  i n  t h e  b o t t o m  a n d  t h e  t i m e  b e f o r e  w h i c h  i t  d i e d ;  
i n  n e i t h e r  c a s e  d i d  t h e  s h r e w  s u r v i v e  l o n g e r  t h a n  a b o u t  2 0  
m i n u t e s .  T h e  s h r e w s  a p p e a r e d  t o  b e  i n e p t  ' s w i m m e r s  a n d  
s~emed t o  h a v e  d i f f i c u l t y  k e e p i n g  t h e i r  s n o u t s  o u t  o f  t h e  
w a t e r .  W h e t h e r  t h e i r  d e a t h s  w e r e  d u e  t o  d r o w n i n g  o r  t o  
" s h o c k "  ( J a c k s o n ,  1 9 2 8 )  i s  n o t  c l e a r .  E v e n  i f  t h e  s h r e w s  
w e r e  g o o d  s w i m m e r s ,  a n d  a s s u m i n g  t h e y  h a v e  g o o d  v i s i o n ,  t h e  
l o w  p r o f i l e s  o f  t h e  i s l a n d s  w o u l d  m a k e  v i s u a l  o r i e n t a t i o n  
t o w a r d  t h e m  d i f f i c u l t .  , S h e p p e  ( 1 9 6 5 )  f o u n d  s u c h  v i s u a l  
o r i e n t a t i o n  i m p o r t a n t  f o r  s w i m m i n g  P e r o m y s c u s  l e u c o p u s .  
T h a t  t h e  L a d y  I s l a n d  s h r e w s  d i f f e r  f r o m  t h o s e  o n  t h e  
W a s h i n g t o n  s h o r e  e v e n  t h o u g h  t h e  t w o  p o p u l a t i o n s  a r e  
s e p a r a t e d  b y  t h e  n a r r o w ,  s l o w - m o v i n g ,  a n d  s h e l t e r e d  C a m a s  
S l o u g h  i s  f u r t h e r  e v i d e n c e  t h a t  s w i m m i n g  p r o b a b l y  i s  n o t  a n  
i m p o r t a n t  m e a n s  o f  a c c e s s  t o  t h e  i s l a n d s  f o r  s h r e w s .  
R a f t i n g  o n  f l o a t i n g  v e g e t a t i o n  o r  d e b r i s  i s  a  m o d e  o f  
w a t e r  t r a n s p o r t a t i o n  o f t e n  h y p o t h e s i z e d  f o r  s m a l l  m a m m a l s .  
D i r e c t  o b s e r v a t i o n s  a r e  f e w ,  b u t  o n e  i s  t h a t  o f  M c C a b e  a n d  
C o w a n  ( 1 9 4 5 ) ,  w h o  r e p o r t e d  t h e  s i g h t i n g  o f  a  r e d  s q u i r r e l  
o n  t w o  l o g s  f l o a t i n g  o n  a n  o p e n  s o u n d  o f f  t h e  B r i t i s h  
C o l u m b i a  c o a s t .  C o w a n  ( 1 9 4 1 )  s p e c u l a t e d  t h a t  r a f t i n g  w a s  a n  
i m p o r t a n t  w a y  i n  w h i c h  s h r e w s  r e a c h e d  o f f s h o r e  i s l a n d s  i n  
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B r i t i s h  C o l u m b i a .  R i . s i n g  w a t e r  ( t i d e )  h a s  b e e n  o b s e r v e d  t o  
d r i v e  s h r e w s  o n t o  d r i f t w o o d  ( J a c k s o n ,  1 9 2 8 ) ,  s o  i m a g i n i n g  
e m b a r k a t i o n  o f  a  s h r e w  o n  s u c h  a  r a f t  i s  n o t  d i f f i c u l t .  
D u r i n g  t h e  s u m m e r  h i g h - w a t e r  p e r i o d  o n  t h e  C o l u m b i a  R i v e r  
m a n y  " r a f t s "  o f  l o g s ,  u p r o o t e d  t r e e s ,  e t c .  a r e  c a r r i e d  d o w n  
t h e  r i v e r .  I  h a v e  s e a r c h e d  s e v e r a l  o f  t h e s e  w i t h o u t  s e e i n g  
a n y  t e r r e s t r i a l  v e r t e b r a t e s ,  b u t  s o m e  c o u l d  p r o v i d e  d r y  
h i d i n g  p l a c e s  f o r  s m a l l  m a m m a l s .  R a f t i n g  s e e m s  l i k e l y  t o  
b e  a n  i m p o r t a n t  m e a n s  o f  a c c e s s  t o  t h e  r i v e r  i s l a n d s  f o r  
s h r e w s .  
I n  l i g h t  o f  t h e  f o r e g o i n g  d i s c u s s i o n ,  I  o f f e r  t h e  
f o l l o w i n g  e x p l a n a t i o n  o f  t h e  r e s u l t s .  T h e  s h r e w s  o n  U p p e r  
S a n d  I s l a n d  a r e  d e r i v e d  f r o m  a n c e s t o r s  w h i c h  r a f t e d  f r o m  
t h e  W a s h i n g t o n  s h o r e  r e l a t i v e l y  r e c e n t l y .  T h e  a p p a r e n t  
f o r m a t i o n  o f  t h e  i s l a n d  i n  p l a c e  w i t h i n  t h e  l a s t  1 0 0  y e a r s  
o r  s o ,  t h e  a p p a r e n t  l a c k  o f  a  l a n d  c o n n e c t i o n  w i t h  t h e  
m a i n l a n d  o r  o t h e r  i s l a n d s  s i n c e  i t s  f o r m a t i o n ,  a n d  t h e  
s i m i l a r i t i e s  b e t w e e n  s h r e w s  f r o m  t h e  i s l a n d  a n d  m a i n l a n d  
p o p u l a t i o n s  a l l  s u p p o r t  t h i s  c o n t e n t i o n .  D i s s i m i l a r i t i e s  
b e t w e e n  U p p e r  S a n d  I s l a n d  a n d  W a s h i n g t o n  s h o r e  s h r e w s  m a y  
b e  t h e  r e s u l t  o f  a  f o u n d e r  e f f e c t  ( M a y r ,  1 9 6 6 ) ,  g e n e t i c  
d r i f t  s i n c e  c o l o n i z a t i o n ,  n a t u r a l  s e l e c t i o n  s i n c e  
c o l o n i z a t i o n ,  o r  a  c o m b i n a t i o n  o f  t h e s e .  
T h e  s h r e w s  o n  L a d y ,  G o v e r n m e n t ,  a n d  M c G u i r e  I s l a n d s  
d i f f e r  m o r e  f r o m  t h e  m a i n l a n d  p o p u l a t i o n s  t h a n  t h o s e  o n  
U p p e r  S a n d  I s l a n d .  H i s t o r i c a l  e v i d e n c e  i n d i c a t e s  L a d y  
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I s l a n d  a n d  t h e  G o v e r n m e n t - M c G u i r e  i s l a n d  g r o u p  h a v e  b e e n  
i n  e x i s t e n c e  l o n g e r  t h a n  U p p e r  S a n d  I s l a n d ,  s o  t h e y  
p r o b a b l y  w e r e  c o l o n i z e d  e a r l i e r  t h a n  U p p e r  S a n d  I s l a n d .  
T h e  g r e a t e r  d i v e r g e n c e  t h e r e f o r e  m u s t  b e  t h e  r e s u l t  o f  
g e n e t i c  d r i f t  o r  n a t u r a l  s e l e c t i o n .  I f  i t  w e r e  d u e  t o  a  
f o u n d e r  e f f e c t  a l o n e ,  t h e  s h r e w s  o n  t h e  o l d e r  i s l a n d s  w o u l d  
b e  n o  m o r e  d i f f e r e n t  f r o m  t h e  m a i n l a n d  p o p u l a t i o n s  t h a n  
t h o s e  o n  U p p e r  S a n d  I s l a n d .  T h e  c o m m o n  t r e n d  o n  t h e  i s l a n d s  
t o w a r d  l a r g e r  b o d y  s i z e  i n d i c a t e s  n a t u r a l  s e l e c t i o n  i s  
'  
p r o b a b l y  o p e r a t i n g .  I f  t h e  l a r g e r  s i z e  w e r e  d u e  t o  
f a v o r a b l e  h a b i t a t s  o n  t h e  i s l a n d s  a n d  h a d  n o  g e n e t i c  b a s i s ,  
t h e n  t h e  s h r e w s  o n  U p p e r  S a n d  I s l a n d  s h o u l d  b e  l a r g e r  t o o .  
I f  t h e  d i f f e r e n c e s  b e t w e e n  i s l a n d  s h r e w s  a n d  m a i n l a n d  s h r e w s  
w e r e  d u e  t o  g e n e t i c  d r i f t ,  t h e  c o m m o n  t r e n d  o n  t h e  i s l a n d s  
t o w a r d  l a r g e r  s i z e  w o u l d  n o t  b e  e x p e c t e d .  I t  s e e m s  ,l i k e l y  
t h a t  t h e  f o u n d e r  e f f e c t ,  g e n e t i c  d r i f t ,  a n d  n a t u r a l  
s e l e c t i o n  a l l  c o n t r i b u t e d  t o  t h e  d i v e r g e n c e  o f  t h e  i s l a n d  
p o p u l a t i o n s .  
T h e  s i m i l a r i t y  b e t w e e n  s h r e w s  o n  M c G u i r e  a n d  
G o v e r n m e n t  I s l a n d s  i s  p r o b a b l y  d u e  t o  m i g r a t i o n  o v e r  a n  
e a r l i e r  h i g h - w a t e r  c o n n e c t i o n  b e t w e e n  t h e  i s l a n d s ,  o v e r  t h e  
p r e s e n t  l o w - w a t e r  c o n n e c t i b n ,  o r  b o t h .  
T h e  l a c k  o f  p r o n o u n c e d  d i s s i m i l a r i t y  b e t w e e n  s h r e w s  
f r o m  o p p o s i t e  m a i n l a n d  s h o r e s  m a y  b e  a n  a r t i f a c t  o f  t h e  
s m a l l  s a m p l e s  d r a w n  f r o m  t h o s e  p o p u l a t i o n s ,  b u t  I  t h i n k  i t  
i s  p r o b a b l y  r e a l .  T h e  g e n e  p o o l s  o n  t h e  m a i n l a n d s  a r e  m u c h  
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l a r g e r  t h a n  t h o s e  o n  t h e  i s l a n d s ,  a n d  l a r g e  g e n e  p o o l s  t e n d  
t o  r e s i s t  n a t u r a l  s e l e c t i o n  a n d  g e n e t i c  d r i f t  ( M a y r ,  1 9 6 6 ) .  
T h e  m u c h  l o n g e r  s h o r e l i n e s  o f  t h e  m a i n l a n d s  r e l a t i v e  t o  t h e  
i s l a n d s  m a y  r e s u l t  i n  ·~ h i g h e r  r a t e  o f  m i g r a t i o n  b e t w e e n  
o p p o s i t e  m a i n l a n d  s h o r e s  t h a n  b e t w e e n  t h e  m a i n l a n d  s h o r e s  
a n d  t h e  i s l a n d s .  
" : ' , •  
C O N C L U S I O N S  
1 .  T h e  C o l u m b i a  R i v e r  s e r v e s  a s  a n  i n c o m p l e t e  
b a r r i e r  t o  g e n e  f l o w  b e t w e e n  p o p u l a t i o n s  o f  S o r e x  vagr~ns. 
I t s  b a r r i e r  e f f e c t  i s  s u f f i c i e n t  t o  a l l o w  d i v e r g e n c e  o f  
i s l a n d  p o p u l a t i o n s ,  o r ,  p o s s i b l y ,  t o  p r e s e r v e  d i f f e r e n c e s  
w h i c h  a r e  a  r e s u l t  o f  t h e  f o u n d e r  e f f e c t .  
2 .  N a t u r a l  s e l e c t i o n  o n  t h e  s m a l l  g e n e  p o o l s  o n  t h e  
i s l a n d s  h a s  p r o b a b l y  p l a y e d  a  rel~ i n  t h e  d i v e r g e n c e  o f  
i s l a n d  s h r e w s  f r o m  t h e i r  a n c e s t r a l  s t o c k  o n  t h e  m a i n l a n d s .  
J .  R a f t i n g  o n  f l o a t i n g  v e g e t a t i o n  a n d  d e b r i s  d u r i n g  
t h e  s u m m e r  h i g h - w a t e r  p e r i o d  i s  t h e  m o s t  l i k e l y  m e a n s  o f  
a c c e s s  t o  t h e  i s l a n d s  f o r  s h r e w s .  
4 .  M o r p h o m e t r i c  c o m p a r i s o n  o f  i s l a n d  p o p u l a t i o n s  
p r o v i d e s  a  m o r e  s e n s i t i v e  i n d i c a t i o n  o f  r e s t r i c t e d  g e n e  
f l o w  t h a n  s i m i l a r  c o m p a r i s o n  o f  o p p o s i t e  m a i n l a n d  
p o p u l a t i o n s .  
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R a n t z ,  S .  E .  a n d  H .  C .  H . i g g s .  1 9 4 9 .  M a g n i t u d e  a n d  f r e q u e n c y  
o f  f l o o d s  i n  t h e  C o l u m b i a  R i v e r  B a s i n  i n  U .  S .  
G e o l o g i c a l  S u r v e y ,  F l o o d s  o f  M a y - J u n e  1 9 4 8  i n  
C o l u m b i a  R i v e r  B a s i n .  G e o l o g i c a l  S u r v e y  W a t e r - S u p p l y  
P a p e r  1 0 8 0 ,  v i i i  +  4 7 6  p .  
S h a p l e y ,
1  
D .  1 9 7 6 .  C r o p s  a n d  c l i m a t i c  c h a n g e :  U S D A ' s  
1
f o r e c a s t s  c r i t i c i z e d .  S c i e n c e ,  1 9 3 :  1 2 2 2 - 1 2 2 4 .  
S h e p p e ,  W .  1 9 6 5 .  I s l a n d  p o p u l a t i o n s  a n d  g e n e  f l o w  i n  t h e  
d e e r  m o u s e ,  P e r o m y s c u s  l e u c o p u s .  E v o l u t i o n ,  1 9 :  4 8 0 -
4 9 5 .  - -
S n e a t h ,  P .  H .  A .  a n d  R .  R .  S o k a l .  1 9 7 3 .  N u m e r i c a l  t a x o n o m y .  
W .  H .  F r e e m a n  a n d  C o . ,  S a n  F r a n c i s c o .  x v i +  5 7 3  p .  
T h w a i t e s ,  R .  G .  ( e d . )  1 9 5 9 .  O r i g i n a l  j o u r n a l s  o f  t h e  L e w i s  
a n d  C l a r k  E x p e d i t i o n  1 8 0 4 - 1 8 0 6 .  A n t i q u a r j _ a n  P r e s s ,  
L t d . ,  N e w  Y o r k .  V o l .  J ,  x  +  3 6 3  p .  
U .  S .  C o a s t  a n d  G e o d e t i c  S u r v e y .  1 9 0 4 .  C o l u m b i a  R i v e r ,  
V a n c o u v e r  t o  R e e d  I s l a n d .  ( t o p o g r a p h i c  m a p  6 1 4 3 )  
U .  S .  C o a s t  a n d  G e o d e t i c  , - S u r v e y .  1 9 2 1 .  C o l u m b i a  R i v e r ,  
V a n c o u v e r  t o  R e e d  I s l a n d .  ( t o p o g r a p h i c  m a p )  
U .  S .  C o a s t  a n d  G e o d e t i c  S u r v e y .  1 9 3 7 .  Col~llibia R i v e r ,  
V a n c o u v e r  t o  R e e d  I s l a n d .  ( t o p o g r a p h i c  m a p )  
U .  S .  D e p a r t m e n t  o f  C o m m e r c e .  1 - 9 7 4 .  C o l u m b i a  R i v e r ,  
H a r r i n g t o n  P o i n t  t o  C r i m s  I s l . a n d .  N a t i o n a l  O c e a n i c  
a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n ,  N a t i o n a l  O c e a n  S u r v e y  
C h a r t  N o .  1 8 5 2 3 ,  J 4 t h  e d . ,  7  D e c e m b e r .  
U .  S .  D e p a r t m e n t  o f  C o r r u n e r c e .  1 9 7 5 a .  C o l u m b i a  R i v e r ,  C r i m s  
I s l a n d  t o  S a i n t  H e l e n s ,  a n d  S a i n t  H e l e n s  t o  V a n c o u v e r .  
N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n ,  
N a t i o n a l  O c e a n  S u r v e y  C h a r t  N o .  1 5 5 2 4 ,  S i d e s  A  a n d  B ,  
1 2 t h  e d . ,  1  M a r c h .  
U .  S .  D e p a r t m e n t  o f  C o m m e r c e .  1 9 7 5 b .  C o l u m b i a  R i v e r ,  
P a c i f i c  O c e a n  t o  H a r r i n g t o n  P o i n t .  N a t i o n a l  O c e a n i c  
a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n ,  N a t i o n a l  O c e a n  S u r v e y  
C h a r t  N o .  i a 5 2 1 ,  4 6 t h  e d . ,  2 6  A p r i l .  
U .  S .  D e p a r t m e n t  o f  C o m m e r c e .  1 9 7 5 c .  C o l u m b i a  R i v e r ,  
V a n c o u v e r  t o  B o n n e v i l l e . D a m .  N a t i o n a l  O c e a n i c  a n d  
A t m o s p h e r i c  A d m i n i s t r a t i o n ,  N a t i o n a l  O c e a n  S u r v e y  
C h a r t  N o .  1 S 5 3 1 ,  S i d e  A ,  1 1 t h  e d . ,  3  M a y .  
U .  S .  G e o l o g i c a l  S u r v e y .  1 9 5 4 .  C a m a s  Q u a d r a n g l e ,  
W a s h i n g t o n - O r e g o n .  ( t o p o g r a p h i c  m a p )  
U .  S .  G e o l o g i c a l  S u r v e y .  1 9 6 1 .  C a m a s  Q u a d r a n g l e ,  O r e g o n -
W a s h i n g t o n .  S o u t h w e s t  q u a r t e r  o f  1 5 - m i n u t e  s e c t i o n .  
( t o p o g r a p h i c  m a p )  
4 9  
A P P E N D I X  
T h e  t a b l e s  w h i c h  f o l l o w  s u m m a r i z e  t h e  m o r p h o m e t r i c  
d a t a  f o r  v a g r a n t  s h r e w s ,  S o r e x  v a g r a n s  v a g r a n s  B a i r d ,  f r o m  
i s l a n d s  i n  t h e  C o l u m b i a  R i v e r  a n d  f r o m  a d j a c e n t  m a i n l a n d  
s h o r e s .  T h e  m e t h o d  o f  d i s t i n g u i s h i n g  f i r s t - a n d  s e c o n d -
y e a r  a n i m a l s  i s  d e s c r i b e d  i n  t h e  t e x t .  N o  s e c o n d - y e a r  
s h r e w s  w e r e  t a k e n  f r o m  t h e  W a s h i n g t o n  s h o r e  p o p u l a t i o n .  
TABLE III 
MORPHOMETRY OF FIRST-YEAR SHREWS FROM THE OR.EXJON SHORE 
OF THE COLUMBIA RIVER NEAR 
McGUIRE ISLAND 
SAMPLE 
CHARACTER SIZE RANGE MEAN 
total length (mm) 6 93 - 107 97.5 
tail length (mm) 6 39 - 43 4o.7 
hind foot length (mm) 6 12 - 13 12.5 
body weight (g) 6 3.70 - 5.61 4.513 
overall cranial length (mm) 6 16.79 - 17.87 17.257 
condylobasal length (mm) 6 : 15. 99 - 17. 16 16.442 
maximum cranial breadth (mm) 6 8.05 - 8.78 8.443 
interorbital breadth (mm) 6 3.00 - 3.18 3.098 
maxillary breadth (mm) 6 4.59 - 5.33 4.925 
condyloinfraorbital length (mm) 6 11.87 - 12.91 12.302 
maxillary tooth row length (mm) 6 5.8 - 6.2 6.05 
palatal length (mm) 6 6.2 - 7.0 6.60 
cranial depth (mm) 6 4.82 - 5.4o 5.093 
cranial weight {mg) 6 44 - 64 53.5 
first upper incisor height (mm) 6 1.27 - 1.67 1.447 
first upper incisor length (mm) 6 1.13 - 1.34 1.225 
first lower molar height (mm) 6 1.09 - 1.24 1.193 
first lower incisor length (mm) 6 3.02 - 3.4o 3.172 
maximum tail tip hair length (mm) 6 3.2 - 6.4 4.43 
dorsal pelage reflectance (%) 6 5.4 - 9.8 7.33 


















































MORPHOMETRY OF FIRST-YEAR SHREWS FROM McGUIRE ISLAND 
SAMPLE STANDARD COEFFICIENT 
CHARACTER SIZE RANGE MEAN DEVIATION OF VARIABILITY 
total length (mm) 26 93 - 110 102.7 4.91 4.78 
tail length (mm) 26 38 - 46 41.8 2.09 5.00 
hind foot length (mm) 26 12 - 14 12.8 .45 3.52 
body weight (g) 26 4.97 - 6.55 5.805 .5344 9.21 
overall cranial length (mm) 26 17.04 - 18.13 17.588 .3098 1.76 
condylobasal length (mm) 26 16.27 - 17.32 16.792 .2960 1.76 
maximum cranial breadth (mm) 26 8.o4 - 8.79 8.337 .1692 2.03 
interorbital breadth (mm) 26 3.07 - 3.60 3.271 .1223 3.74 
maxillary breadth (mm) 24 4.82 - 5.59 5.029 .1602 3.19 
condyloinfraorbital length (mm) 26 12.13 - 13.05 12.559 .2253 1.79 
maxillary tooth row length (mm) 26 5.9 - 6.4 6.15 .121 1.97 
palatal length (mm) 26 6.5 - 7.0 6.72 .156 2.32 
cranial depth (mm) 26 4.92 - 5.52 5.199 .1330 2.56 
cranial weight (mg) 26 49 - 75 58.0 4.99 8.60 
first upper incisor height (mm) 26 1.27 - 1.62 1.443 .0786 5.45 
first upper incisor length (mm) 26 1.14 - 1.45 1.275 .0270 2.12 
first lower molar height (mm) 27 1.05 - 1.29 1.136 .0303 2.67 
first lower incisor length (mm) 27 2.98 - 3.4o 3.204 .1011 3.16 
maximum tail tip hair length (mm) 27 1.4 - 4.6 3.26 .708 21.72 
dorsal pelage reflectance (%) • 27 4.4 - 10.6 6.93 1.483 21.4o 
ventral pelage reflectance (%) • 27 15.5 - 28.7 23.32 3.588 15.39 




MORPHOMETRY OF FIRST-YEAR SHREWS FROM GOVERNMENT ISLAND 
SAMPLE STANDARD COEFFICIENT 
CHARACTER SIZE RANGE MEAN DEVIATION OF VARIABILITY 
total l~ngth (mm) 16 97 - 114 103.9 4.68 4.50 
tail length (mm) 16 38 - 48 43.1 2.91 6.75 
hind foot length (mm) 16 12 - 14 13.1 .45 3.44 
body weight (g) 16 5.10 - 7.90 5.825 .6598 11.33 
overall cranial length (mm) 16 16.97 - 18.10 17.594 .3152 1.79 
condylobasal length (mm) 16 16.33 - 17.50 16.839 .3276 1.95 
maximum cranial breadth (mm) 16 7.98 - 8.78 8.348 .2464 2 .• 95 
interorbital breadth (mm) 16 3.02 - 3.35 3.212 .1006 3.13 
maxillary breadth (mm) 16 4.60 - 5.14 4.972 .1385 2.79 
condyloinfraorbital length (mm) 16 12.11 - 12.92 12.577 .2602 2.07 
maxillary tooth row length (mm) 16 5.9 - 6.3 6.14 .126 2.05 
palatal length (mm) 16 6.6 - 7.0 6.78 .129 1.90 
cranial depth (mm) 16 4.83 - 5.45 5.205 .1500 2.88 
cranial weight (mg) 16 53 - 71 58.1 4.50 7.76 
first upper incisor height (mm) 16 1.16 - 1.58 1.420 .1232 8.68 
first upper incisor length (mm) 16 1.14 - 1.36 1.274 .0661 5.19 
first lower molar height (mm) 16 .93 - 1.24 1.123 .0763 6.79 
first lower incisor length (mm) 16 2.95 - 3.4o 3.185 .1244 3.91 
maximum tail tip hair length (mm) 16 1.6 - 4.6 3.19 .821 25.74 
dorsal pelage reflectance (%) * 16 4.7 - 11.3 7.99 2.188 27.38 
ventral pelage reflectance (%) 16 16.1 - 31.4 23.17 3.348 14.45 




MORPHOMETRY OF FIRST-YEAR SHREWS FROM UPPER SAND ISLAND 
SAMPLE STANDARD 
CHARACTER SIZE RANGE MEAN DEVIATION 
total length (mm) 14 92 - 101 97.6 3.20 
tail length (mm) 14 37 - 44 4o.4 1.94 
hind foot length (mm) 14 12 - 13 12.1 .39 
body weight (g) 14 3.83 - 6.51 5.054 .5505 
overall cranial length (mm) 11 16.38 - 17.72 17.072 .3479 
condylobasal length (mm) 11 15.86 - 16.78 16.276 .3146 
maximum cranial breadth (mm) 12 7.72 - 8.80 8.364 .2643 
interorbital breadth (mm) 14 3.02 - 3.48 3.251 .1286 . 
maxillary breadth (mm) 12 4.46 - 5.01 4.859 .1483 
condyloinfraorbital length (mm) 11 11.92 - 12.92 12.260 .3060 
maxillary tooth row length (mm) 14 5.6 - 6.1 5.90 .136 
palatal length (mm) 14 6.3 - 6.8 6.50 .141 
cranial depth (mm) 14 5.03 - 5.63 5.309 .2070 
cranial weiglit (mg) 14 4o - 59 52.2 4.85 
first upper incisor height (mm) 14 1.16 - 1.67 1.464 .1497 
first upper inc~~or length (mm) 14 1.10 - 1.30 1.213 .0348 
first lower molar height~ (mm) 14 .95 - 1.26 1.121 .0849 
first lower incisor length (mm) 14 2.90 - 3.24 3.049 .0859 
maximum tail tip hair length (mm) 14 .4 - 4.4 3.03 .960 
dorsal pelage refle~tance (%) 14 6.o - 11.4 8.74 1.359 



























MORPHOMETRY OF FIRST-YEAR SHREWS FROM LADY ISLAND 
SAMPLE STANDARD COEFFICIENT 
CHARACTER SIZE RANGE MEAN DEVIATION OF VARIABILITY 
total length (mm) 20 90 - 107 97.2 4.20 4.32 
tail length (mm) 20 38 - 47 43.2 2.44 5.65 
hind foot length (mm) 20 12 - 14 12.9 .56 4.34 
body weight (g) 20 4.31 - 5.96 5.349 .4091 7.65 
overall cranial length (mm) 20 17.00 - 17.86 17.432 .2782 1.60 
condylobasal length (mm) 20 16.34 - 17.16 16.756 .2492 1.49 
maximum cranial breadth (mm) 20 7.88 - 8.75 8.345 .2012 2.41 
interorbital breadth (mm) 20 3.06 - 3.36 3.186 .0841 2.64 
maxillary breadth (mm) 19 4.54 - 5.23 4.858 .1526 3.14 
condyloinfraorbital length (mm) 20 11.94 - 12.89 12.445 .2373 1.91 
maxillary tooth ro~ length (mm) 20 6.o - 6.4 6.12 .107 1.75 
palatal length (mm) 20 6.4 - 6.9 6.70 .136 2.03 
cranial depth (mm) 20 4.93 - 5.95 5.24o .2162 4.13 
cranial weight (mg) 20 47 - 61 54.9 3.04 5.54 
first upper incisor height (mm) 19 1.08 - 1.43 1.277 .0722 5.65 
first upper incisor length (mm) 19 1.16 - 1.45 1.301 .0568 4.37 
first lower molar height (mm) 20 1.05 - 1.19 1.114 .o4o6 3.64 
first lower incisor length (mm) 20 2.86 - 3.43 3.119 .114o 3.66 
maximum tail tip hair length (mm) 20 .8 - 3.8 2.76 .679 24.60 
dorsal pelage reflectance (%) • 20 4.6 - 11.6 6.96 1. 723 24.76 
ventral pelage reflectance (%) • 20 14.5 - 24.7 18.90 2.4o5 12.72 




MORPHOMETRY OF FIRST-YEAR SHREWS FROM THE WASHINGTON SHORE 
OF THE COLUMBIA RIVER NEAR 
LADY ISLAND 
SAMPLE STANDARD 
CHARACTER SIZE RANGE MEAN DEVIATION 
total length (mm) 9 94 - 102 97.4 2.55 
tail length (mm) 9 39 - 45 42.1 1.90 
hind foot length (mm) 9 12 - 13 12.6 .50 
body weight (g) 9 4.16 - 6.45 5.126 .8430 
overall cranial length (mm) 9 16.74 - 17.88 17.204 .3502 
condylobasal length (mm) 9 15.98 - 16.94 16.398 .2927 
maximum cranial breadth (mm) 8 7.70 - 8.48 8.190 .3025 
interorbital breadth (mm) 9 3.09 - 3.30 3.219 .0809 
maxillary breadth (mm) 8 4.68 - 5.01 4.849 .1105 
condyloinfraorbital length (mm) 9 11.96 - 12.69 12.232 .2227 
maxiilary tooth row length (mm) 9 5.8 - 6.1 5.94 .132 
palatal length (mm) 9 6.4 - 6.8 6.52 .132 
cranial depth (mm) 9 5.07 - 5.65 5.381 .2349 
cranial weight (mg) 9 47 - 58 51.9 3.59 
first upper incisor height (mm) 9 1.25 - 1.65 1.380 .1275 
first upper incisor length (nun) 9 1.18 - 1.34 1.242 .0522 
first lower molar height (mm) 9 1.02 - 1.21 1.122 .0682 
first lower incisor length (mm) 9 2.86 - 3.26 3.047 .1239. 
maximum tail tip hair length (mm) 9 . 1.6 - 4.8 3.31 1.078 
dorsal pelage reflectance (%) 9 8.7 - 12.4 9.93 1.169 



























MORPHOMETRY OF SECOND-YEAR SHREWS FROM THE OREXlON SHORE 
OF THE COLUMBIA RIVER NEAR 
McGUIRE ISLAND 
SAMPLE 
CHARACTER SIZE RANGE MEAN 
total length (mm) 4 96 - 109 103.2 
tail length (mm) 4 36 - 44 39.2 
hind foot length (mm) 4 12 - 13 12.2 
body weight (g) 4 4.87 - 7.22 6.288 
overall cranial length (mm) 4 16.06 - 17.00 16.725 
condylobasal length (mm) 4 15.53 - 16.80 16.350 
maximum cranial breadth (mm) 4 8.00 - 8.57 8.258 
interorbital breadth (mm) 4 3.00 - 3.33 3.150 
maxillary breadth (mm) 3 4.91 - 4.95 4.927 
condyloinfraorbital length (mm) 4 11.62 - 12.67 12 .172 
maxillary tooth row length (mm) 4 5.6 - 6.o 5.78 
palatal length (mm) 4 6.3 - 6.7 6.50 
cranial depth (mm) 4 4.72 - 5.03 4.828 
cranial weight (mg) 4 49 - 63 55.2 
first upper incisor height (mm) 4 .70 - .92 .788 
first upper incisor length (mm) 4 1.10 - 1.32 1.165 
first lower molar height {mm) 4 .76 .760 
first lower incisor length (mm) 4 2.48 - 2.81 2.630 
maximum tail tip hair length (mm) 4 0 - 2.4 .70 
dorsal pelage reflectance (%) 4 7.0 - 9.5 8.40 


















































MORPHOMETRY OF SECOND-YEAR SHREWS FROM McGUIRE ISLAND 
SAMPLE 
CHARACTER SIZE RANGE MEAN 
total length (mm) 10 100 - 115 106.2 
tail length (mm) 10 37 - 45 41.0 
hind foot length (mm) 10 12 - 13 12.9 
body weight (g) 10 6.47 - 8.23 7.329 
overall cranial length (mm) 10 16.81 - 17.82 17.301 
condylobasal length (mm) 10 16.35 - 17.51 16.898 
maximum cranial breadth (mm) 10 8.23 - 9.04 8.596 
interorbital breadth (mm) 10 3.15 - 3.36 3.269 
maxillary breadth (mm) 10 4.68 - 5.29 5.048 
condyloinfraorbital length (mm) 10 12.12 - 13.07 12.662 
maxillary tooth row length (mm) 10 5.8 - 6.1 5.97 
palatal length (mm) 10 6.6 - 7.0 6.77 
cranial depth (mm) 10 4.96 - 5.38 5.212 
cranial weight (mg) 10 56 - 71 65.0 
first upper incisor height (mm) 10 .6o - 1.28 .853 
first upper ind,sor length (mm) 10 1.10 - 1.30 1.224 
first lower molar height (mm) 10 .71 - .88 . 817 
first lower incisor length (mm) 10 2.62 - 3.00 2.797 
maximum tail tip hair length (mm) 10 0 - 1.0 .18 
dorsal pelage reflectance (%) 10 6.5 - 10.1 8.18 


















































MORPHOMETRY OF SECOND-YEAR SHREWS FROM GOVERNMENT ISLAND 
SAMPLE STANDARD 
CHARACTER SIZE RANGE MEAN DEVIATION 
total length (mm) 3 102 - 110 107.0 4.36 
tail length (mm) 3 39 - 44 41.7 2.55 
hind foot length (mm) 3 13 13.0 0 
body weight (g) 3 7.4o - 7.86 7.683 .2449 
overall cranial length (mm) 3 17.30 - 17.73 17.493 .2121 
condylobasal length (mm) 3 16.78 - 17.34 17.087 .7746 
maximum cranial breadth (mm) 3 7.95 - 8.68 8.373 .3754 
interorbital breadth (mm) 3 3.13 - 3.48 3.270 .1888 
maxillary breadth (mm) 3 4.85 - 5.06 4.990 .0992 
condyloinfraorbital length (mm) 3 12.60 - 12.82 12.690 .1042 
maxillary tooth row length (mm) 3 6.o - 6.2 6.10 .100 
palatal length (mm) 3 6.7 - 6.9 6.80 .100 
cranial depth (mm) 3 5.10 - 5.21 5.150 .0354 
cranial weight (mg) 3 64 - 70 67.0 3.00 
first upper incisor height (mm) 3 .35 - .66 .467 .1683 
first upper incisor length (mm) 3 .92 - 1.21 1.047 .1474 
first lower molar height (mm) 3 .71 ... 79 .753 .o4o4 
first lower incisor length (mm) 3 2.55 - 2.93 2.730 .1751 
maximum tail tip hair length (mm) 3 0 - 1.6 1.00 .872 
dorsal pelage reflectance (%) 3 9.2 - 10.0 9.53 .418 



























MORPHOMETRY OF SECOND-YEAR SHREWS FROM UPPER SAND ISLAND 
SAMPLE STANDARD 
CHARACTER SIZE RANGE MEAN DEVIATION 
total length (mm) 4 96 - 109 101.2 5.57 
tail length (mm) 4 37 - 42 39.8 2.08 
hind foot length (mm) 4 12 - 13 12.5 1.00 
body weight (g) 4 6.09 - 7.54 6.672 .6137 
overall cranial length (mm) 4 16.38 - 17.28 16.935 .4ooo 
condylobasal length (mm) 4 16.03 - 16.78 16.458 .3109 
maximum cranial breadth (mm) 4 8.56 - 8.96 8.712 .1820 
interorbital breadth (mm) 4 3.21 - 3.37 3.272 .0658 
maxillary breadth (mm) 4 4.83 - 4.96 4.885 .0486 
condyloinfraorbital length (mm) 4 11.86 - 12.62 12.328 .3322 
maxillary tooth row length (mm) 4 5.6 - 5.8 5.70 .082 
palatal length (mm) 4 6.4 - 6.7 6.58 .126 
cranial depth (mm) 4 5.05 - 5.43 5.292 .1711 
cranial weight (mg) 4 56 - 67 63.2 5.00 
first upper incisor height {mm) 4 .69 - .99 .842 .1301 
first upper incisor length (mm) 4 1.18 - 1.23 1.200 .0245 
first lower molar height (m~) 4 .52 - .71 .608 .0781 
first lower incisor length (mm) 4 2.14 - 2.67 2.398 .2220 
maximum tail tip hair length {mm) 4 0 0 0 
dorsal pelage reflectance (%) 4 8.3 - 9.5 9.05 .480 


























MORPHOMETRY OF SECOND-YEAR SHREWS FROM LADY ISLAND 
SAMPLE 
CHARACTER SIZE RAIDE MEAN 
total length (mm) 2 102 - 106 104.o 
tail length (mm) 2 43 - 44 43.5 
hind foot length (mm) 2 12 - 13 12.5 
body weight (g) 2 7.47 - 8.o4 7.755 
overall cranial length {mm) 2 17.20 - 17.24 17.220 
condylobasal length (mm) 2 16.84 - 16.88 16.860 
maximum cranial breadth (mm) 2 8.57 - 8.89 8.730 
interorbital breadth (mm) 2 3.33 - 3.44 3.385 
maxillary breadth {mm) 2 4.68 - 5.00 4.84o 
condyloinfraorbital length (mm) 2 12.50 - 12.56 12.530 
maxillary tooth row length (mm) 2 6.o 6.oo 
palatal length {mm) 2 6.7 - 6.8 6.75 
cranial depth (mm) 2 5.23 - 5.33 5.280 
cranial weight (mg) 2 64 - 67 65.5 
first upper incisor height (mm) 2 .77 - .95 .860 
first upper incisor length (mm) 2 1.10 - 1.27 1.185 
first lower molar height (mm) 2 .69 - .76 .725 
first lower incisor length (mm) 2 2.64 - 2.67 2.655 
maximum tail tip hair length {mm) 2 0 0 
dorsal pelage reflectance (%) 2 8.6 - 8.9 8.75 
ventral pelage reflectance (%) 2 14.9 - 17.6 16.25 
STANDARD 
DEVIATION 
2.83 
1.00 
1.00 
.4000 
.0566 
.0316 
.2102 
.0596 
.2209 
.0424 
0 
.071 
.0566 
2.24 
.1039 
.1202 
.0495 
.0212 
0 
.274 
1.924 
COEFFICIENT 
OF VARIABILITY 
2.72 
2.30 
8.00 
5.16 
.33 
.19 
2.41 
1. 76 
4.56 
.34 
0 
1.05 
1.07 
3.42 
12.08 
10.14 
6.83 
.Bo 
0 
3.13 
11.84 
°' I-'
